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(54) Title: BICYCLIC HETEROAROMATIC COMPOUNDS AS PROTEIN TYROSINE KINASE INHIBITORS 
(57) Abstract 

Substituted heteroaromatic compounds of formula (A) wherein 
X is N or CH; in which (a) represents a fiised 5. 6 or 7-membered 
heterocyclic ring and R^ is a group ZR^ wherein Z is joined to R* 
through a (CH2)p group in which p is 0. I, or 2 and Z represents 
a group V(CH2). V(CF2). (CH2)V, (CF2)V. V(CRR'), V(CHR) or V 
where R and R' are each Cm alkyl and in which V is a hydrocaibyl 
group containing 0. 1 or 2 carbon atoms, carbonyl. dicarbonyl, CH(OH), 
CH(CN), sulphonamide, amide, O, S(0)m or NR»> where R^ is hydrogen 
or R^ is C|.4 alkyl; and R* is an optionally substituted C^^ cycloalkyi 
or an optionally substituted 5. 6, 7. 8, 9 or lO-mcmbcred carbocyclic 
or heterocyclic moiety; or R^ is a group ZR* in which Z is NR*>. 
and NR'* and R^ together form an optionally substituted 5, 6, 7. 
8. 9 or lO-membcred carbocyclic or heterocyclic moiety, arc protein 
tyrosine kinase inhibitors. The compounds are described, as are 
methods for their preparation, phannaceuttcal compositions including 
such compounds and their use in medicine, for example in the treatment 
of psoriasis, fibrosis, atherosclerosis, restenosis, auto-immune disease, 
allergy, asthma, transplantation rejection, inflammation, thrombosis, 
nervous system diseases, and cancer. 
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BICYCLIC HETEROAROMATIC COMPOUNDS AS PROTEIN TYROSINE KINASE INHIBITORS 

The present invention relates to a series of substituted heteroaromatic 
compounds, methods for their preparation, pharmaceutical compositions 
containing them and their use in medicine. In particular, the invention relates to 
bioisosteres of quinoline and quinazoline derivatives which exhibit protein 
tyrosine kinase inhibition. 

Protein tyrosine kinases catalyse the phosphorylation of specific tyrosyl residues 
in various proteins involved in the regulation of cell growth and differentiation 
(A.F.Wilks. Progress in Growth Factor Research, 1990 (2), 97-111). Protein 
tyrosine kinases can be broadly classified as growth factor receptor (e.g. EGF-R, 
PDGF-R, FGF-R and c-erbB-2) or non-receptor (e.g. c-src, bcr-abi) kinases, 
inappropriate or uncontrolled activation of many of these kinases i.e. aberrant 
protein tyrosine kinase activity, for example by over-expression or mutation, has 
been shown to result in. uncontrolled cell growth. 

Aberrant activity of protein tyrosine kinases such as c-erbB-2. c-src. p56lck. EGF- 
R. PDGF-R. and zap70 has been implicated in human malignancies. 

Aberrant EGF-R activity has. for example, been implicated in cancers of the head 
and neck, and aberrant c-erbB-2 activity in breast, ovarian, non-small cell lung, 
pancreatic, gastric and colon cancers. Inhibitors of protein tyrosine kinase should 
therefore provide a treatment for tumours such as those outlined above. 

Aberrant protein tyrosine kinase activity has also been implicated in a variety of 
other disorders: psoriasis. (Dvir et al. J.Cell.Biol; 1991. 113, 857-865). fibrosis, 
atherosclerosis, restenosis, (Buchdunger et al. Proc.Natl.Acad.Sci. USA; 1991. 
92, 2258-2262), auto-immune disease, allergy, asthma, transplantation rejection 
(Klausner and Samelson, Cell; 1991, 64, 875-878), inflammation (Berkois, Blood; 
1992, 79(91, 2446-2454), thrombosis (Salari et al, FEBS; 1990. 263M) . 104-108) 
and nervous system diseases (Ohmichi et al. Biochemistry, 1992, 31. 4034- 
4039). Inhibitors of the specific protein tyrosine kinases involved in these 
diseases eg PDGF-R in restenosis and EGF-R in psoriasis, should lead to novel 
therapies for such disorders. P56lck and zap 70 are indicated in disease 
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conditions in which T cells are hyperactive eg rtieumatoid arthritis, autoimmune 
disease, allergy, asthma and graft rejection. 

WO 9519774 discloses bicydic derivatives of formula (I): 



in vvhich A to E are nitrogen or carbon and at least one of A to E is nitrogen; or 
two adjacent atoms together are N. O or S; Ri is H or alkyi and n is 0, 1 or 2: and 
R2 includes optionally substituted alkyi. alkoxy, cycloalkoxy, cycloalkoxy, or 2 
together form a carbocycle or heterocycle. and m is 0 to 3. The compounds are 
said to inhibit epidermal growth factor receptor tyrosine kinase and suggested 
uses include the treatment of cancer, psoriasis, kidney disease, pancreatitis and 
contraception. 

EP0635507 discloses a class of tricyclic quinazoline derivatives of the formula 



wherein r1 and r2 together form specified optionally substituted groups 
containing at least one heteroatom so as to form a 5 or 6-membered ring, in 
which there is a N atom at the 6 position of the quinazoline ring. r3 includes 
independently hydrogen, hydroxy, halogeno, (1-4C)alkyl. (1-4C) alkoxy di-{(1- 
4C)alkylJamino. or (2-4C)alkanoylamino. The above citation notes that receptor 
tyrosine kinases in general, which are important in the transmission of 
biochemical signals initiating cell replication, are frequently present In common 




(III) : 
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human cancers such as breast cancer (Sainsbury et al Brit. J. Cancer 1988. 58. 
458). This citation also states that tyrosine kinase activity is rarely detected in 
nonnal cells whereas it is frequently detectable in malignant cells (Hunter, £ejl, 
1987, 50. 823) and it is suggested that inhibitors of receptor tyrosine kinase 
should be of value as inhibitors of the growth of mammalian cancer cells (Yalsh et 
aL Science. 1988, 2^, 933). This citation therefore has the aim of providing 
quinazoline derivatives which inhibit receptor tyrosine kinases involved in 
controlling the tumourigenic phenotype. 

The above compounds suffer the disadvantage that they are more difficult to 
synthesize than their quinoline and quinazoline counterparts on account of the 
additional structural complexity and accordingly there is a need for quinoline and 
quinazoline deriatives which are capable of inhibiting protein tyrosine kinase 
activity and yet are relatively simple to synthesize. There is no reference in the 
above citation to any such bicyctic heterocyclic system capable of inhibiting 
protein tyrosine kinase activity and the present invention seeks to fill this 
omission. 

Selective inhibition of the EGF receptor is, however, disclosed by Fry et al 
(Science. 265. 1093 (1994)). This citation discloses that the compound: 



is a highly selective inhibitor of the EGF receptor tyrosine kinase at picomolar 
concentrations while inhibiting other tyrosine kinases only at micromolar or higher 
concentrations. This compound does not however exhibit good in vivo activity in 
contrast to the compounds of the present invention. 




HN 
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WO 93/17682 and Bioorg Med Chem Lett (1993. 4 (1). 173-176) disclose 
compounds which block angiotensin II receptors and have the general formula 
(IV): 

D 




in which D is a bicyclic heterocyle comprising a 6Hfnembered ring fused to 
another 6-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N, 0 and S, and each fused ring independently 
containing 0 to 3 N atoms, 1 N atom and 1 0 atom. 1 N atom or 1 S atom. 1 O 
atom and 1 S atom, 2 O atoms, 2 S atoms or 1 O atom or 1 S atom, with the 
remaining ring atoms being carbon atoms. Pendant R-i and R'-j groups include 
tetra zolyl, N substituted amino, N substituted amide, N substituted urea, 
carboxylate. amino sulphone, carbonyl. methylene alkoxy. sulphonate and 
phosphate. 

WO 93/18035 and Bioorg Med Chem Lett (1993. 4 (1), 173-176) relate to further 
angiotension II receptor blocking compounds of formula (I) above, virtth the 
difference that D in fomiula (I) now represents a bicyclic heterocycle comprising a 
6-membered ring fused to a 5-membered ring, the bicyclic heterocycle comprising 
at least one heteroatom selected from N. 0 and S. In this application, the 6- 
membered ring comprises 0 to 3 N atoms. 1 N atom and 1 0 atom, 1 N atom and 
1 S atom. 1 O atom and 1 S atom, 2 0 atoms, 2 S atoms, 1 0 atom, or 1 S atom; 
and the 5-membered ring comprises 0 to 3 N atoms, 1 N atom and 1 0 atom, 1 N 
atom and 1 S atom, 1 0 atom and 1 S atom. 1 O atom, or 1 S atom with the 
remaining atoms in the ftjsed rings being cartjon atoms. 
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WO 86/06718 relates to a class of mono- and di- Mannich bases, derived from 4- 
(7'-substituted-1 '.5'-naphthyridln-4 •ylamlno)phenols and 4-(7'-substltuted- 
quinolln-4'-yiamlno) -phenols of formula (V) : 



In which Y is N or CH. and R'' and r2 are independently hydrogen or specified 
substituted amino groups. The compounds of formula (II) exhibit antimalarial 
activity. 

EP 0534341 relates to the preparation of 4-[(ar)alkoxy] pyrimidines for use as 
pesticides and agrochemical fungicides. This application discloses compounds 
of formula (VI): 



in which r2 and r3 together form an urtsaturated 5-membered ring, together with 
the C atoms to which they are attached, containing an 0 or S atom; or R^ and R^ 
together form a saturated 5, 6 or 7-membered ring which may contain an O or S 
atom. 





(VI) 



EP 0452002 relates to 4-substituted thieno [2,3-dl, [3.2-d] and [3,4-d] pyrimidines 
of fonnula (VII) below having fungicidal, insecticidal and miticidal utility : 
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X-Y-Z 




(VII) 



in which 




and X includes 0, S or where r4 a H or C1-4 alkyi; Y includes a carbocyclic 
ring which may contain a heteroatom; and Z is a €3^ cycioalky or phenyl. 

Tetrahedron (1971, 27, 487-499) concerns an academic study which discloses 
nucleophilic substitution reactions of 4-chlorothieno[3,2-d]pyrlmidines to produce 
a number of compounds in which the 4-substituent is bound to the pyrimidine via 
a heteroatom, for example 4-phenoxythleno[3,2-d]pyrimidlne is exemplified. 

EP 0370704 relates to the preparation of 4-(benzylamino) pyrimidines of formula 
(VIII) as pesticides : 




CHj 



NH 



(vm) 
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It is a general object of the present invention to provide compounds suitable for 
the treatment of disorders mediated by protein tyrosine kinase activity, and in 
particular treatment of the above mentioned disorders. 

In addition to the treatment of tumours, the present invention envisages that other 
disorders mediated by protein tyrosine kinase activity may be treated effectively 
by preferential inhibition of the appropriate protein tyrosine kinase activity. 

Broad spectrum inhibition of protein tyrosine kinase may not provide optimal 
treatment of, for example tumours, and could in certain cases even be 
deterimental to subjects since protein tyrosine kinases provide an essential role 
in the normal regulation of cell growth. 

It is another object of the present invention to provide compounds which 
preferentially inhibit protein tyrosine kinases, such as c-erbB-2, p56lck, EGF-R 
and PDGF*R protein tyrosine kinases. 

A further object of the present invention is to provide compounds useful in the 
treatment of protein tyrosine kinase related diseases which minimise undesirable 
side-effects in the recipient. 

The present invention relates to heterocyclic compounds which may be used to 
treat disorders mediated by protein tyrosine kinases and in particular have anti- 
cancer properties. More particularly, the compounds of the present invention are 
potent inhibitors of protein tyrosine kinases such as c-erbB-2, EGF-R and pSSIck 
thereby allowing clinical management of particular diseased tissues. 

The present invention envisages, in particular, the treatment of human 
malignancies, for example breast, stomach, ovary, colon, lung and pancreatic 
tumours, especially those driven by c-erbB-2, using the compounds of the present 
invention. For example, the invention includes compounds which are highly 
active against the c-erbB-2 protein tyrosine kinase in preference to the EGF 
receptor kinase hence allowing treatment of c-erbB-2 driven tumours. 

More particularly, the present invention envisages that disorders mediated by 
protein tyrosine kinase activity may be treated effectively by inhibition of the 
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appropriate protein tyrosine kinase activity in a relatively selective manner, 
thereby minimising potential side effects. 

Accordingly, the present invention provides a compound of formula (A): 




or a pharmaceutically acceptable salt thereof, 



wherein X is N or CH; 



wherein 




represents a fused 5, 6 or 7-membered heterocyclic ring containing 1 to 5 
heteroatoms which may be the same or different and which are selected from N, 
0 or S(0)„, wherein m is 0, 1 or 2, the heterocyclic ring containing a total of 1, 2 
or 3 double bonds inclusive of the bond in the pyridine or pyrlmidine ring, with the 
provisos that the heterocyclic ring does not form part of a purine and that the 
fused heterocyclic ring does not contain two adjacent 0 or S(0)m atoms; 

Y is a group W(CH2). (CH2)W. or W. in which W is O. S(0)m. or NRa wherein m 
is as defined above and is hydrogen or a C'\^ alkyi group; 

each independently represents a 5- or 6-membered heterocyclic ring 
containing 1 to 4 heteroatoms selected from N, 0 or 8(0)*,, wherein m is as 
defined above, with the proviso that the ring does not contain two adjacent 0 or 
S{0)m atoms, optionally substituted by one or more groups independently 
selected from hydroxy, halogen, trifluoromethyl. trifluoromethoxy. nitro, amino. 
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cyano, Ci^ alkyi, Ci^ alkoxy. C^j^ alkylthio. C^^ alkyi carbonyl. formyl, 
carboxy, C-i^ alko)(y carbonyl, carboxamide. C-j^ alkylamino carbonyl, (C-j^ 
alkyl)amino, di-(Ciw4 alkyl)amlno; or 

®ach is indepandently salacted from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, formyl. carboxy, trifluoromethyl, trifluoromethoxy. 
carbamoyl, ureido. Cj^ alkyI, Ci.8 alkoxy, €3^ cycloalkoxyl. 64^ 
alkylcycloalkoxy, Ci^ alkoxycarbonyl. N-Ci^ alkylcarbamoyi. M.N-di-[Ci^ 
alkyl]carbamoyl, hydroxyamino, C^^ alkoxyamino, alkanoyloxyamino, Ci^ 
alkylamino, di[Ci^ alkyljamino, pyrrolidin-1-yl, piperidino. morpholino, 
thiomorpholino. thiomorpholino-1.1 -dioxide, piperazin-l-yl, 4-Ci«4 alkylpiperazin- 
1-yl, Ci-8 alkylthio, arytthio, alkylsulphinyl. arylsulphinyl, 

alkylsulphonyl, arylsulphonyl. halogeno-C-jw^ alkyI, hydroxy-Ci^ alkyI, C2-4 
alkanoyloxy-Ci^ alkyi. Ci-4 alkoxy-Ci^ alkyI, carboxy-Ci^ alkyI, Ci^ 
alkoxycarbonyl-Ciw4-alkyl. amino-Ci^ alkyI, alkylamino-C-jw^ alkyi, di-[Ci- 
4 alkyl]amino-Ci-4 alkyI, [di-C-|w4 alkyl]amino-Ci-4 alkylene-(Ci.4 alkyl)amino, 
C-j-4alkylamino-Ci^alkylene-(Ci^alkyl)amino. hydroxy-Ci^alkylene-(C-|- 
4atkyl)amino. piperidino-Ci^alkyl. morpholino-Ciw4 atkyi, thiomorpholino-Ci^ 
alkyI, thiomorpholino*1,1-dioxide-Ci^ alkyl. piperazin-l-yl-Ci^ alkyI, Ci^ 
alkylthio-Ci^ alkyl, phenoxy-Ci^ alkyl. anilino-Ci^ alkyl, phenylthio-Ci^ alkyl. 
cyano-C']^ alkyi. halogeno-C2^ alkoxy, hydroxy-C2w4 alkoxy. C2^ alkanoyioxy- 
C2-4 alkoxy. Ci-4 alkoxy-C2^ alkoxy, carbamoyl-C-j^ alkoxy. amino-C2-4 
alkoxy. alkylamino-C2^ alkoxy. di-[Ciw4 alkyl]amino-C2^ alkoxy, phenyl- 
Ciw4 alkoxy, phenoxy-C2-4 alkoxy. anilino-C2-4 alkoxy. phenylthio-C2-4 alkoxy, 
piperidino-C2^ alkoxy, morpholino-C2^ alkoxy. thiomorpholino-C2^ alkoxy, 
lhiomorpholino-1,1-dioxide-C2-4 alkoxy, pipera2in-1-yl-C2^ alkoxy, halogeno- 
C2^ alkylamino. hydroxy-C2^ alkylamino, C2^ alkanoyloxy-C2^ alkylamino. 

alkoxy-C2-4 alkylamino. phenyl-C^^ alkylamino. phenoxy-C2-4 alkylamino. 
anilino-C2-4 alkylamino. phenylthio-C2-4 alkylamino, C2^ alkanoylamino, C-j^ 
alkoxycarbonylamino, alkylsulphonylamino, benzamido, 

benzenesulphonamido, 3-phenylureido. 2-oxopynrolidin-1-yl. 2.5-dioxopyrrolidin- 
1-yl, halogeno-C2^ alkanoylamino. hydroxy-C2^ alkanoylamino, alkoxy- 
C2^ alkanoylamino, and carboxy-C2^ alkanoylamino. and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino. phenoxy or 
phenyl group on a R^^ substituent may optionally bear one or two halogeno. 
alkyl or Ci^ alkoxy substituents; 
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and I is 0 to 3; 

or when I is 2 or 3. two adjacent r1 groups together form an optionally substituted 
methylenedioxy or ethylenedioxy group; 

r2 is selected from the group comprising; hydrogen, halogen, trifluoromethyl. Ci. 
4 alky! and ^ alkoxy; 

r3 is a group ZR^ wherein Z is joined to R^ through a (CH2)p group in which p is 
0, 1 or 2 and Z represents a group V(CH2). V(CF2). (CH2)V. (CF2)V, V(CRR'). 
V(CHR) or V where R and R' are each C1-4 alkyi and in which V is a hydrocarbyl 
group containing 0.1 or 2 carbon atoms, carbonyl, dicarbonyl. CH(OH), CH(CN), 
sulphonamide, amide, O, S(0)m or HPP where R^ is hydrogen or Rb is 
alkyI; and R^ is an optionally substituted C^^ cycloalkyi or an optionally 
substituted 5, 6, 7, 8, 9 or 10-membered carbocyclic or heterocyclic moiety; 
or R^ is a group ZR^ In which Z is NR^ and NR** and R^ together forni an 
optionally substituted 5, 6. 7, 8, 9 or 10-membered carfoocydic or heterocyclic 
moiety; 

each r5 is independently selected from the group comprising; hydrogen, hydroxy, 
halogen. C-i^ alkyl. C1-4 alkoxy, C-|^ alkylamino. di-[Ci-4 alkyljamino, 
alkylthio, alkylsulphinyl. Ci^ alkylsulphonyi, alkylcarbonyl, 

alkylcarbamoyi, di^Ci^ alkyl] carbamoyl, carbamyl. alkoxycarbonyl, cyano, 
nitro and trifluoromethyl, and n is 1,2 or 3. 

Heterocyclic groups comprise one or more rings which may be saturated, 
unsaturated, or aromatic and which may independently contain one or more 
heteroatoms in each ring. 

Carbocyclic groups comprise one or more rings which may be independently 
saturated, unsaturated or aromatic and which contain only carbon and hydrogen. 

Suitably the 5. 6. 7, 8. 9 or 10-membered heterocyclic moiety is selected from the 
group comprising: furan, dioxolane, thiophene, pyn-ole, imidazole, pyn-olidine, 
pyran, pyridine, pyrimidine, morpholine, piperidine, oxazole, isoxazole, oxazoline, 
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oxazolidine, thiazole, isothiazole, thiadiazole, benzofuran. indole, isoindole, 
quinazoline, quinoline, isoquinoline and ketal. 

Suitably the the 5. 6, 7. 8. 9 or 10-membered carbocyclic moiety is selected from 
the group comprising: phenyl, benzyl, indene, naphthalene, tetralin, decaiin, 
cyclopentyl, cyclopentenyl, ^clohexyl, cyclohexenyl, and cycloheptyl. 

By halo is meant fluoro, chloro, bromo or lodo. 

Alky! groups containing three or more carbon atoms may be straight, branched or 
cyclised. 

In an embodiment, X is N. 
In a further embodiment, 




is selected from the group comprising: 



(R), 




(R'V 
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in a preferred embodiment, 
and I = 0, 1 or 2. 

In a further preferred embodiment 

-%■), ^(K'), -^'V), 
and I = 0, 1 or 2. 

In a further embodiment. Y is NRb NRb(CH2). or (CH2)NRb; preferably Y is NR^, 
and Rp is preferably hydrogen or methyl. 

In a further embodiment R^ is selected from the group comprising phenyl, ftiran, 
thiophene, pyrrole, oxazole, isoxazole, thiazole, isothiazole, imidazole, pyrazole 
and piperazine or a hydrogenated derivative of any of the aforementioned and is 
optionally substituted by one or more groups selected from hydroxy, halogen, 
trifluoromethyl. trifluoromethoxy, nitro, amino, cyano. Ci«4 alkyi, alkoxy, Ci. 
4 alkylcarbonyl . alkoxycarbonyl, formyl or carboxy; 
or R is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, alkyI, alkoxy. benzyloxy. morpholino. 

thiomorpholino, thiomorpholino-1,1 -dioxide, pyrrolidine, piperldino, alkylthio, 
Ci.8 alkylsulphinyl, alkylsulphonyl. Ciu| alkylamino, dialkylamino, [di- 
alkyl]amino-Ci^ alkylene-(Ci^ alkyl)amino, Ci^alkylamino-Ci^alkylene- 
(Ci^alkyl)amino or hydroxy-Ci^alkyleneKCi^alkyl)amino. 

In a preferred embodiment R^ is selected from the group comprising phenyl, 
furan, pyrazole. imidazole and piperazine. optionally substituted by one or more 
groups selected from alkyI, fomiyl, carboxy or C-j^ alkoxycarbonyl. 

In a further prefen-ed embodiment R** is independently selected from the group 
comprising hydrogen, halogen, Ci_4 alkyI, benzyloxy, thiomorpholino. 
thiomorpholino-1.1 -dioxide, Ci_4 alkylamino, dialkylamino, Idi-Ci^ 

alkylJamino-C-i^ alkylene-(Ci-4 alkyl)amino. Ci^alkylamino-Ci-4alkylene-(Ci. 
4alkyl)amino or hydroxy-Ci_4alkylene-(Ci^alkyl)amino. 
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In a further embodiment r2 is hydrogen. alkyi, all<oxy or halogen, 
preferably hydrogen or methyl, more preferably hydrogen. 

In a further embodiment M is an optionally substituted 5 or 6-membered 
carbocyciic or heterocyclic moiety. 

In a prefen-ed embodiment r4 is an optionally substituted phenyl, dioxolanyl, 
thienyl, cyclohexyl or pyridyl group. 

In a further embodiment. Z is oxygen, CHj, HPP, NRb(CH2). (CH2)NRb, 0(CH2). 
(CH2)CN. 0(CF2). (CH2)0. (CF2)0. S(CH2). S(0)m. cartjonyl or dicarbonyl. 
wherein R*> is hydrogen or C i ^ alkyl. 

In a prefen-ed embodiment Z is oxygen, dicart>onyl, OCH2, CH2(CN), S(0)„ or 
NRb, wherein Rb is hydrogen or Ci_4 alkyl. 

In a further embodiment, r3 is benzyl, phenyl, pyridyl, pyridylmethyl, pyridyloxy, 
pyridylmethoxy, thienylmethoxy, dioxolanylmethoxy, cyclohexylmethoxy. phenoxy, 
phenylthio. benzyloxy, halo-, dihalo- and trihalobenzyloxy, alkoxybenzyloxy, 
phenyloxalyl or phenylsulphonyl. 

In a further embodiment, r3 is in the para position with respect to Y. 

In a further embodiment r5 is hydrogen, hydroxy, halogen, alkyl. 
alkoxy, di-[Ci^ alkyl]amino, nitro or tnfluoromethyl; in a prefen^d embodiment, 
r5 is hydrogen, halogen, trifluoromethyl or methyl, more preferably hydrogen. 

In a further embodiment, (R5)n represents meta substituent(s) with respect to Y, 
and preferably n = 1 . 

■n an embodiment, the optional substitutents for the carbocyciic or heterocyclic 
moiety, which may be present at any available position of said moiety, are 
selected from the group comprising: 
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(CH2)qS(0)„,-C,^alkyl, (CH2)qS(0)m-C«cycloalkyl, (CH2)qS02NRV. 

(CH2)qNRV, (CH2)qC02R*. (CH2)qOR', (CH2)qC0NRW. (CH2)qNR*C0R^. 
(CH2)qC0R*. (CH2)qR*. NR^SOjR^and S{0)JR\ 

wherein q is an integer from 0 to 4 inclusive; m is 0.1 or 2; 
R* and R" are independently selected from the group comprising hydrogen. Cm 
alkyi, Cm cycloalkyi, aryt, a 5- or 6-membered saturated or unsaturated 
heterocyclic ring which contains one or more heteroatoms which may be the 
same or different and which are selected from N, 0 or S(0)m. with the proviso that 
the heterocyclic ring does not contain two adjacent 0 or S(0)m atoms. 

In a further embodiment the optional substttutents for the carbocyclic or 
heterocyclic moiety are selected from the group comprising morpholine, 
piperazine. piperldlne. pyrrolidine, tetrahydrofuran, dioxolane, oxothiolane and 
oxides thereof, dithlolane and oxides thereof, dioxane, pyridine, pyrimidine. 
pyrazine, pyridazlne, furan, thiofuran, pyrrole, triazlne, imidazole, triazole, 
tetrazole. pyrazole, oxazole, oxadiazole and thiadiazole. 

Other optional substituents for the carbocyclic or heterocyclic moiety and also for 
other optionally substituted groups include, but are not limited to. hydroxy, 
halogen, trifluoromethyl, trifluoromethoxy. nitro. amino, cyano. C^^ alkyl. C^^ 
alkoxy. Ci^ alkylthio. Ci^ alkylcarbonyl, carboxylate and C^^ alkoxycarboxyl. 

Preferred compounds of the present invention include: 

4-(4-Benzyloxyanilino)-6-chloropyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-{A/-methylimidazol-5-yl)pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(/VwTiethylimidazol-2-yl)pyrido[3.4-cflpyrimidine; 

4-{4-Benzyloxyanjlino)-6-(A/-methylpyrazol-2-yl)pyrido[3,4-c/]pyrimidlne; 

4-(4-Benzyloxyanilino)-€-(furan-2-yl)pyrldo[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(5-formyifuran-2-yl) pyrido[3,4-Gf)pyrimidine; 

4-(4-Benzyloxyanllino)-6*(A/.A/-dimethylamino)pyrido[3.4-d]pyrimidine; 

4-(4-Benzyloxyanllino)-6^1-methylpiperazin-4-yl)-pyrido[3.4<(]pyrimidine; 

4-(4-Benzyloxyanilino)-6-[(1-f-butoxycarbonyl)piperazin-4-yl]-pyrido[3.4- 

d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyrido[3,4-dlpyrlmidine; 



wo 97/13771 



15 



PCT/EP96/04399 



4-(4-Benzyloxyanilino)-6-(thjomorpholine-1 , 1 •dioxide^-yl)-pyrido[3,4- 
cQpyrimidine; 

6-A/,A/-Dimethytamin(Ht-(4-phenoxyanilino)pyrido[3.4-c()pyrimidine; 

6-Chloro-4^4^enylthioanilino)pyrido[3,4-c(]pyrimidine;. 

6-Chioro-4-(4i)henytsulphonyianilino)pyrido[3,4-d)pyrimidine;. 

6-<A/.A/-4:)im6thylaminoH-(4i)henylsulphonylanilirK))pyrido[3.4-d]pyrimidine^ 

6-(1-Methylpiperazin-4-yl)-4-(4-phenylsulphonyianilino)-pyrido[3,4- 

cQpyrimidine; 

6-[/V-Methyl-/V-(2-dimethylamino0thyl)aminoH-(4-phenylsulphonylanilino)- 
pyrido[3,4-c(]pyrimidine; 

6-[/V-Methyl-/V-(2-hydroxyethyl)amino]-4-(4-phenylsulphonylanilino)pyrido[3.4- 
cOpyrimidine; 

6-Chloro-4-[4-(1,3-dioxolan-2-yl)methoxyanillnoJpyrido[3,4-dlpyrimidine;. 

6-(A/./V-Dimethylamino)-4-[4-(1,3-dioxolan-2-yl)methoxyanilinolpyrido(3,4- 

cdpyrimidine; 

6- Ben2yloxy-4-(4-benzyloxyanilino)pyridoI3.4-d|pyrimidine; 
4-(4-Benzyloxyanilino)pyrido[2.3-d)pyrimidine; 
4-(4-Benzyloxyanilino)thieno[3,2-d|pyrimidine; 
4-[3-Chloro-4-(2-methoxybenzyloxy)anilino]thieno[3.2-cflpyrimidine; 
4-[3-Ghloro-4-(2-fluorobenzyloxy)anilino]thleno[3,2-dlpyrimidine; 
4-I4-(2-Bromoben2yloxy)-3-chloroanilino]thieno[3,2-d]pyrimidine; 
4-[3-Methoxy-4-(2-methoxyben2yloxy)anilinoJthienoI3,2-d]pyrimidine; 
4-(4-Benzylanilino)thienoI3,2-d|pyrimidine; 
4-(4-Phenoxyanilino)thieno[3,2-dlpyrimidine; 
4-(4-(a,a-Difluorobenzyloxy)ariilino)thieno(3,2-cQpyrimidine; 
4-{4-(2-Thienylmethoxy)anilino]thieno[3,2-cOpyrimidine; 
4-(4-Cyclohexylmethoxyanilino)thieno[3.2-c(|pyrimidine; 

7- MethyM-(4-phenoxyanilino)thjeno[3,2-d]pyrjmidine; 
4-(4-Benzyloxy-3-trifluoromethylanilino)-7-rnethylthieno[3,2<(]pyrirnidine; 
4-[3-Chloro-4-{2-fluorobenzyloxy)anilino]-5Hfnethyithieno[2,3-d]pyrimidjne; 

4- (4-Cyclohexylmethoxyanilino)-5-methylthieno[2.3-</|pyrimidlne; 

5- Methyl-4-(4-phenoxyanilino)thieno[2.3-</lpyrimidine; 
4-(4-Phenoxyanilino)-5-(2-thienyl)thieno[2,3-</|pyrimidine; 
4-{4-Benzyloxy-3-chloroanilino)-6-(A/,A/-dimethylamino)pyridoI3,4- 
cOpyrimidine; 
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6-(A/, A/-Dimethylamino)-4-{4-[ 1 -phenyl-! -cyanomethyllanilino}-pyrido[3.4- 
d)pyrimidine; 

6-(/V,A/-Dimethylamino)-4^4-(1-phenyl-1.2<lioxoethyl-2-yl)anilinol-p^ 
cOpyrimidine; 

6-(/V,/V-Dimethylamino)-444-(pyridyl-2-methoxy)anilino]-pyrldo[^ 
cQpyrimidine; 

6-(W.W-Dim8thylaminoH44K24luorolMn2yloxy)anilino]^^^ 
cQpyrimidine; 

6-(/V.A/-Dimethylamino)-444-(3-fluorobenzylo)cy)anilinol^^^ 

and salts thereof, particularly pharmaceuticaliy acceptable salts thereof. 

Other preferred compounds of the present invention include: 

4-(4-Phenylsulphonylanilino)-6-(1-methylimidazol-2-yl)-pyridoI3,4- 

djpyrimidine; 

4-(4-Ben2yloxyanilino)-7-dimethylamino-pyrido[4.3-dlpyrimidine; 
4-(4-Benzyloxyanilino)-6-(2-imidazolyl)-pyridoI3.4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-{5-carboxyfuran-2-yl)-pyrido[3,4-d]pyrimidlne; 
and salts thereof, particularly pharmaceuticaliy acceptable salts thereof. 

Especially prefen^ed compounds of the present invention include: 

4-(4-Ben2yloxyanilino)-6-(/V4nethylimidazol-5-yl)pyrido[3,4<fJpyrlmidine; 

4-(4-Benzyloxyanilino)-6-(/V,A/-dimethylamino)pyrido[3,4-d]pyrimidine; 

6-(A/,A/-DimethylaminoH-[4-(1.3-dioxolan-2-yl)methoxyanilino]pyridoI3,4- 

c/lpyrimidine; 

and salts thereof, particularly pharmaceuticaliy acceptable salts thereof. 

Certain compounds of the formula (A) contain asymmetric carbon atoms and are. 
therefore, capable of existing as optical isomers. The individual isomers and 
mixtures of these are included v^thin the scope of the present invention. 
Likewise, it is understood that compounds of formula (A) may exist in tautomeric 
forms other than that shown in the formula. 

Salts of the compounds of the present invention may comprise acid addition salts 
derived from a nitrogen in the compound of formula (A). The therapeutic activity 
resides in the moiety derived from the compound of the invention as defined 
herein and the identity of the other component is of less importance although for 
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therapeutic and prophylactic purposes it is. preferably, pharmaceutically 
acceptable to the patient. Examples of pharmaceutically acceptable acid 
addition salts include those derived from mineral acids, such as hydrochloric, 
hydrobromic, phosphoric, metaphosphoric. nitric and sulphuric acids, and organic, 
acids, such as tartaric, acetic, trifluoroacetic, citric, malic, lactic, fumaric, benzoic, 
glycollic, gluconic, succinic and methanesulphonic and arylsulphonic, for example 
2-toluenesulphonic, acids. 

In a further aspect, the present Invention provides a process for the preparation 
of a compound of the formula (A), or a phamnaceutically acceptable salt thereof, 
which process comprises the reaction of a compound of the formula (B): 



L 




(B) 



with a compound of the formula C: 

YH 




wherein L is a leaving group and X, Y and R'' to are as hereinbefore defined. 
Suitable leaving groups will be well known to those skilled in the art and include, 
for example, halo such as chloro and bromo; sulphonyloxy groups such as 
methanesulphonyloxy and toluene-p-sulphonyloxy; and alkoxy groups. 

The reaction is conveniently carried out in the presence of a suitable inert 
solvent, for example a Ci^ alkanol. such as isopropanol, a halogenated 
hydrocarix>n. an ether, an aromatic hydrocarbon or a dipolar aprotic solvent such 
as acetone or acetonitrile at a non*extreme temperature, for example from 0 to 
150**C, suitably 10 to 100^C. preferably 50 to 100^C. 
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Optionally, the reaction is carried out in the presence of a base when Y = NH. 
Examples of suitable bases include an organic amine such as triethylamine, or an 
alkaline earth metal carbonate, hydride or hydroxide, such as sodium or 
potassium carbonate, hydride or hydroxide. When YH = OH or SH it is 
necessary to perform the reaction in the presence of a base, and in such a case 
the product is not obtained as the salt. 

The compound of formula (A) in the case in which Y = NR^ may be obtained from 
this process in the form of a salt with the acid HL, wherein L is as hereinbefore 
defined, or as the free base by treating the salt with a base as hereinbefore 
defined. 

The preparation of compounds (B) and (C) is well known to those skilled in the 
art. 

In addition to the above, one compound of formula (A) may be converted to 
another compound of formula (A) by chemical transformation of the appropriate 
substrtuent or substituents using appropriate chemical methods (see for example, 
J.March "Advanced Organic Chemistry", Edition III. Wiley Interscience, 1985). 

For example, a group may be substituted onto the ring U by replacement of 
another group R^ which is a suitable leaving group. This is especially suitable 
for preparing compounds of formula (A) wherein an R^ group is linked to the ring 
by a nitrogen atom; such compounds may, for example, be obtained by reaction 
of the amine corresponding to the group R^ with the corresponding compound of 
formula (A) carrying a halo substituent in the appropriate position on the ring. 
This is also especially suitable for preparing compounds where R^ is a 
heterocyclic ring system; such compounds may, for example, be prepared by 
reaction of the con-esponding heteroaryl stannane derivative with the 
corresponding compound of formula (A) canying a halo substituent in the 
appropriate position on the ring using a suitable catalyst such as an 
organometallic compound of palladium (for example bis(triphenylphosphine) 
palladium chloride) together with any other required catalytic additives. 
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A compound containing an alkyi or aryl mercapto group may be oxidised to the 
corresponding sulphinyl or sulphonyl compound by use of an organic peroxide 
(eg benzoyl peroxide) or suitable inorganic oxidant (eg OXONE ®). 

A compound containing a nitro substituent may be reduced to the conresponding 
amino-compound, eg by use of hydrogen and an appropriate catalyst (if there are 
no other susceptible groups) or by use of Raney Nickel and hydrazine hydrate. 

Amino or hydroxy substituents may be acylated by use of an acid chloride or an 
anhydride under appropriate conditions. Equally an acetate or amide group may 
be cleaved to the hydroxy or amino compound respectively by treatment with, for 
example, dilute aqueous base. 

In addition reaction of an amino substituent with triphosgene and another amine 
(eg aqueous ammonia, dimethytamine) gives the urea substituted product. 

An amino substituent may also be converted to a dimethylamino substituent by 
reaction with formic acid and sodium cyanoborohydride. 

All of the above-mentioned chemical transformations may also be used to convert 
one compound of formula (B) to a further compound of formula (B) prior to the 
reaction with the compound of formula (C); or to convert one compound of 
formula (C) to a further compound of formula (C) prior to the reaction with the 
compound of formula (B). The substituents present on the compounds (B) and 
(C) must be compatible with the conditions for their reaction together. 

The present invention also provides compounds of formula (A) and 
pharmaceutically acceptable salts thereof (hereinafter identified as the 'active 
ingredients') for use in medical therapy, and particularly in the treatment of 
disorders mediated by aberrant protein tyrosine kinase activity such as human 
malignancies and the other disorders mentioned above. The compounds are 
especially useful for the treatment of disorders caused by aberrant c-erbB-2 
activity such as breast, ovarian, non-small cell lung, pancreatic, gastric and colon 
cancers. 
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A further aspect of the invention provides a method of treatipent of a human or 
animal subject suffering from a disorder mediated by aben'ant protein tyrosine 
kinase activity which comprises administering to the human or animal subject an 
effective amount of a compound of formula (A) or a pharmaceuticaliy acceptable 
salt thereof. 

A further aspect of the present Invention provides the use of a compound of 
formula (A), or a pharmaceuticaliy acceptable salt thereof, in therapy. 

A further aspect of the present invention provides the use of a compound of 
fomiula (A), or a phannaceutically acceptable salt thereof, in the preparation of a 
medicament for the treatment of malignant tumours. 

A further aspect of the present invention provides the use of a compound of 
formula (A), or a pharmaceuticaliy acceptable salt thereof, in the preparation of a 
medicament for the treatment of atherosclerosis, resterosis or thrombosis. 

Whilst it is possible for the compounds or salts of the present invention to be 
administered as the new chemical, it is preferred to present them in the form of a 
pharmaceutical formulation. 

According to a further feature of the present invention we provide pharmaceutical 
formulations comprising at least one compound of the fomiula (A), or 
pharmaceuticaliy acceptable salt(s) thereof, together with one or more 
pharmaceuticaliy acceptable carriers, diluents or excipients. 

Pharmaceutical formulations may be presented in unit dose forms containing a 
predetermined amount of active ingredient per unit dose. Such a unit may 
contain for example O.Smg to 1g. preferably 5mg to lOOmg of a compound of the 
formula (A) depending on the condition being treated, the route of administration 
and the age, weight and condition of the patient. 

Pharmaceutical formulations may be adapted for administration by any 
appropriate route, for example by the oral (including buccal or sublingual), rectal, 
nasal, topical (including buccal, sublingual or transdermal), vaginal or parenteral 
(including subcutaneous, intramuscular, intravenous or intradermal) route. Such 
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formulations may be prepared by any method known In the art of pharmacy, for 
example by bringing into association the active ingredient with the can-ierCs) or 
excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as 
disaete units such as capsules or tablets; powders or granules; solutions or 
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in- 
water liquid emulsions or water-in-oil liquid emulsions. 

Phamiaceutical fomiulatlons adapted for transdermal administration may be 
presented as discrete patches intended to remain in intimate contact with the 
epidermis of the recipient for a prolonged period of time. For example, the active 
ingredient may be delivered from the patch by iontophoresis as generally 
described in Pharmaceutical Research, 3(6), 318 (1986). 

Phamnaceutical fbnnulations adapted for topical administration may be formulated 
as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, 
sprays, aerosols or oils. 

For treatments of the eye or other external tissues, for example mouth and skin, 
the formulations are preferably applied as a topical ointment or aeam. When 
formulated in an ointment, the active ingredient may be employed with either a 
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient 
may be fonnulated in a cream with an oil-in-water cream base or a water-in-oil 
base. 

Pharmaceutical formulations adapted for topical administrations to the eye 
include eye drops wherein the active ingredient is dissolved or suspended in a 
suitable carrier, especially an aqueous solvent. 

Phamiaceutical fomiulations adapted for topical administration in the mouth 
include lozenges, pastilles and mouth washes. 

Phannaceutical formulations adapted for rectal administration may be presented 
as suppositories or as enemas. 
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Pharmaceutical formulations adapted for nasal administration wherein the carrier 
•8 a solid include a coarse powder having a particle size for example in the range 
20 to 500 microns which Is administered in the manner in which snuff is taken i e 
by rapid inhalation through the nasal passage from a container of the powder 
held close up to the nose. Suitable fbmiulations wherein the carrier is a liquid for 
administration as a nasal spray or as nasal drops, include aqueous or oil 
solutions of the active ingredient 

Phamiaceutical fomiulations adapted for administration by inhalation include fine 
particle dusts or mists which may be generated by means of various types of 
metered dose pressurised aerosols, nebulizers or insufflators. 

PhamDaceutical fomiulations adapted for vaginal administration may be presented 
as pessanes. tampons, creams, gels, pastes, foams or spray formulations. 

Phamiaceutical fomiulations adapted for parenteral administration include 
aqueous and non-aqueous sterile injection solutions which may contain anti- 
oxidants, buffers, bacteriostats and solutes which render the fomiulation isotonic 
with the blood of the intended recipient; and aqueous and hon-aqueous sterile 
suspensions which may include suspending agents and thickening agents The 
fomiulations may be presented in unit-dose or multi-dose containers, for example 
sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid carrier, for example water 
for injections, immediately prior to use. Extemporaneous Injection solutions and 
suspensions may be prepared from sterile powders, granules and tablets. 

Preferred unit dosage formulations are those containing a daily dose or sub^iose 
as herein above recited, or an appropriate fraction thereof, of an active 
ingredient. 

It should be understood that in addition to the ingredients particularly mentioned 
above, the fomiulations may include other agents conventional in the art having 
regard to the type of formulation in question, for example those suitable for oral 
administration may include flavouring agents. 
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The compounds of the formula (A) and salts thereof have anticancer activity as 
demonstrated hereinafter by their inhibition of the protein tyrosine kinase c-erbB- 
2 enzyme. K has thus been established that compounds of the present invention 
are of use in medicine and, in particular in the treatment of certain human 
malignancies, for example breast, ovarian non-small cell lung, pancreatic, gastric 
and colon cancers. Accordingly, the present invention provides a method for the 
treatment of susceptible malignancies in an animal, e.g. a human, which 
comprises administering to the animal a therapeutically effective amount of a 
compound or salt of the present invention. In the alternative, there is also 
provided a compound or salt of the present invention for use in medicine and, in 
particular, for use in the treatment of cancers. 

The present invention also provides the use of a compound of formula (A) or a 
salt thereof for the manufacture of a medicament for treatment of malignant 
tumours. 

The animal requiring treatment with a compound or salt of the present invention is 
usually a mammal, such as a human being. 

A therapeutically effective amount of a compound or salt of the present invention 
will depend upon a number of factors including, for example, the age and weight 
of the animal, the precise condition requiring treatment and its severity, the 
nature of the formulation, and the route of administration, and will ultimately be at 
the discretion of the attendant physician or veterinarian. However, an effective 
amount of a compound of the present invention for the treatment of neoplastic 
growth, for example colon or breast carcinoma will generally be in the range of 
0.1 to 100 mg/kg body vraight of recipient (mammal) per day and more usually in 
the range of 1 to 1 0 mg/kg body weight per day. Thus, for a 70kg adult mammal, 
the actual amount per day would usually be from 70 to 700 mg and this amount 
may be given in a single dose per day or more usually in a number (such as two, 
three, four, five or six) of sub-doses per day such that the total daily dose is the 
same. An effective amount of a salt of the present invention may be determined 
as a proportion of the effective amount of the compound bsl §S* 
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Certain embodiments of the present invention will now be illustrated by way of 
example only. The physical data given for the compounds exemplified is 
consistent with the assigned structure of those compounds. 

IR spectra were recorded on a Perkin-Elmer 257 grating spectrophotometer or a 
Bruker FS66 spectrophotometer. 

1H NMR spectra were obtained on a Bmker WM 360-NMR spectrophotometer at 
360MH2. or on a Bruker AC250 spectrophotometer at 250MHz. J values are 
given in Hz. 

Mass spectra were obtained on one of the following machines: Varlan CH5D (El), 

Kratos Concept (El). Kratos Ms50 (FAB). VG Micromass Platform (electrospray 

positive or negative). HP5989A Engine (thermospray positive). 

Analytical thin layer chromatography (tic) was used to verify the purity of some 

intermediates which could not be isolated or which were too unstable for full 

characterisation, and to follow the progess of reactions. Unless othenvise stated, 

this was done using silica gel (Merck Silica Gel 60 F254). 

Unless othenmse stated, column chromatography for the purification of some 

compounds used Merck Silica gel 60 (Art. 1.09385. 230-400 mesh), and the 

stated solvent system under pressure. 

Petrol refers to petroleum ether, either the fraction boiling at 40^oc or at 60- 
800C. 

Ether refers to diethylether. 
DMF refers to dimethylformamide. 
DMSO refers to dimethylsulphoxide 

Preparat ion of Intemiediates 

S-ff/V-faff-BMtoxvcarbonvl^ aminQl-2-chlQroDvridine 

A stirred solution of 6-chloronlcotinic acid (47.3g). diphenylphosphoryl azide 
(89.6g) and triethylamine (46ml) in f-butanol (240ml) was heated at reflux 
under nitrogen for 2.5 hours. The solution was cooled and concentrated in 
vacuo. The sympy residue was poured into a rapidly stirred solution of 0.5N 
aqueous sodium carbonate (2L). The precipitate was stirred for one hour and 
filtered. The solid was washed with water and dried in vacuo at 70"C to give 
the title compound (62g) as a pale brown solid, m.p. 144-146'C: 6H [2H6]- 
DMSO 8.25 (1H.d). 7.95 (1H.bd). 7.25 (IH.d). 6.65 (1H.bs). 1.51 (9H.s); m/z 
(M + 1)*229. 
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This material was carried forward to give 6-chloro-3H-Dvridof3.4-cf)Dvrimidin- 
±S2DS and 4.6-dichloroDvridQr3.4- dlDvrimidine according to the procedures 
descrik>ed for these compounds in W095/1 9774 

6-(/V./V-Dimethvlamino^.3H-Dvridor3.4-gnpvrimidin,d-Qnft 
6-Chloro-3H-pyrido(3,4-dlpyrimidin-4-one was reacted with dimethylamine 
(2.0molar solution in methanol) in a pressure vessel at 130"C for 32 hours. 
The reaction mixture was concentrated in vacuo and the resulting solid 
washed with ethyl acetate. This solid was heated in 2-propanol to give a 
suspension, which was filtered. The filtrate was concentrated in vacuo to give 
the product (60%). 

4-Chloro-6-fA/.A/-dim ethvlamino^pvridor3.4-dlDvrlmidine 
6-(W.A/-Dimethylamino)-3H-pyrido[3.4^flpyrimidin-4-one {1.0g, 5.25 mmol) 
was heated at reflux with phosphorous oxychloride (8.5ml) and triethylamine 
(5.3 ml) for 3 hours. The mixture was concentrated in vacuo, azeotroping with 
toluene twice. The residue was partitioned t}etween ethyl acetate and 
aqueous sodium hydrogen carl)onate (8%), the layers separated, and the 
aqueous extracted once more with ethyl acetate. The combined organics 
were washed with water and brine, dried (sodium sulphate), and concentrated 
in vacuo. The residue was triturated with hexane to give the product as a 
solid (0.36g. 33%). 

General Procedures 

(A) Reaction of an amine with a bicvclic species containing a 4- 
chloroDvrimidine ring 

The optionally substituted bicyclic species and the specified amine were 
mixed in an appropriate solvent (acetonitrile unless othenvise specified), and 
heated to reflux. When the reaction was complete (as judged by TLC), the 
reaction mixture was allowed to cool. The resulting suspension was diluted. 
e.g. with acetone, and the solid collected by filtration, washing e.g. with 
excess acetone, and dried at 60'C in vacuo, giving the product as the 
hydrochloride salt. If the free base was required (e.g. for further reaction), 
this was obtained by treatment with a base e.g. triethylamine; purification by 
chromatography was then performed, if required. 
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ff) Reaction Of a product from Procedure I A ) with a hetemarvl tin reanent 
A stirred mixture of the product from Procedure (A), (containing a suitable 
leaving group such as a chloro or bromo). a heteroaryl stannane and 
bis(triphenylphosphine)palladium dichloride were heated at reflux in dry 
dioxane under nitrogen for 24 hours. The resulting mixture was generally 
purified by chromatography on silica. 

(C) Reaction of the product from Pro c edure (A) with a second aft^ip^ 
The product of Procedure (A) (containing a suitable leaving group such as 
chloro) was dissolved in an excess of the desired amine (or a solution thereof) 
and heated in a pressure vessel (e.g. at 130«C for 17hr). The cooled mixture 
was generally purified by chromatography on silica. 

fD> Preparation of a s^ih stituted anilina 

An appropriately substituted 4.nHrophenol was heated with an appropriately 
substituted benzyl halide (1.05 equiv.) and potassium carbonate (3 equiv.) in 
acetonitrile at reflux until reaction was complete (as judged by TLC). After 
standard work-up. the 4-benzyloxy-1 -nitrobenzene was purified by column 
chromatography. Reduction using hydrogen at atmospheric pressure and a 
suitable catalyst (Pt/C or Pd/C) in an appropriate solvent gave the corresponding 
4-benzyloxyaniline. which was generally purified by column chromatography. 

Examoles 
Example 1 

4-(4-BenzvloxvanilinQW6.ehtoroDvridQ[.'^ a- cflpyrimidine hydrochloride 
Prepared according to Procedure A from 4-benzyloxyaniline and 4.6- 
dichloropyrldoI3,4.cf|pyrimidine; 6H (CDCI3) 9.11 (1H,s). 8.78 (1H.s). 7.75 
(1H.d). 7.56 (2H.dd). 7.40 (5H.m). 7.15 (2H.d). 5.10 (2H.s); m/z (M + i)*'409. 

Example ^ 

4-(4-BenzvloxvanilinQ^^.(A/^ethvlimiday o|.S-vl^Dvridor3.4-dlovrimidin«* 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-cdpyrimidine and 5.(tri-n-butylstannyl)-A/^nethylimidazole 
(prepared according to the published method: Acta Chem. Scand.. (1993) 
47(1). 57); 6H [2H6]-DMS0 10.00 (IH.s). 9.15 (IH.s). 8.65 (1H,s). 8.60 (1H 
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s). 7.80 (1H.S), 7.61(2H.d), 7.50 (1H.s). 7.25-7.49 (5H.m). 7.10 (2H.d). 5.13 
(2H,s). 3.98 (3H,s); mfe (M + 1)* 409. 

Example 3 

4«/4-Benzvloxvanilino)-6-fA/-methvlimidazol-2-vhDvridor3.4-cnpvrimidine. 
Prepared according to Procedure B from 4-(4-benzyioxyanilino}^- 
chloropyrido{3,4-cf]pyrimidjne and 2-(tri-n-butylstannyl)-A/-methylimidazole 
(prepared according to the published method: J. Organometallic Chem., 
(1989), 61); 5H pHeJ-DMSO 10.35 (IH.s), 9.17 (IH.s). 9.13 (IH.s). 8.65 (1H. 
s). 7.79 (2H,d). 7.32-7.55 (6H.m). 7.13 (IH.s). 7.09 (2H.d). 5.16 (2H,s). 4.10 
(3H,s);m/z(iy/I + 1)*409. 

Example 4 

4-f4-Benzvloxvanilino)-6-W-methvlpvra20l-2-vnpvridof3.4-cnpvrimidine 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyridoI3,4-dlpyrjmidine and 2-(tri-/)-butylstannyl)-A/-methylpyrazole 
(prepared according to the published method: WO 94/00825); 5H [^He]- 
DMSO 9.30 (IH.s). 8.80. (2H,m). 7.80 (2H.d). 7.65 (1H.d). 7.50 (6H,m), 7.20 
(2H.d). 6.90 (1 H.d). 5.20 (2H.s). 4.25 (3H,s); m/z (M + 1 )* 409. 

Example 5 

4-(4-Benzvloxvanllinol-6-ffuran-2-vnpvridof3.4-cnpvrimidine. 

Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 

chloropyrido[3,4-d]pyrimidine and 2-(tri-n-butylstannyl)furan (Aldrich); 5H 

{2H61-DMSO 9.08 (1H,s). 8.70 (1H,s). 8.55 (IH.s). 7.90 (1H.d), 7.69 (2H, d). 

7.40 (5H.m), 7.10 (IH.d). 7.03 (2H.d). 6.69 (IH.m). 5.10 (2H.s); m/z (M + 1)* 

395. 

Example 6 

4-(4-BenzvloxvanilinoV^fS-formvlfuran-2-vl) pvridof3.4-cflPvrimidine 
4-(4-Benzyioxyanilino)-6-chloropyrido[3,4-d]pyrimidlne (4.0g. ll.Ommol). 2-(1,3- 
dioxolan-2-yl)-5-(trlbutylstannyl)furan (J. Chem. Soc, Chem Commun., (1988). 
560) (6.0g, 14.0mmol) were reacted together according to Procedure B for 20hrs. 
The reaction mixture was allowed to cool. IN HCI (50ml) added and stin-ed at RT 
for 15 minutes. The reaction was filtered and the residue washed with dioxane 
(20ml) and 2N HCI (20ml). The combined filtrate and washings were stin-ed at RT 
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for a further hour. The dioxane was removed under vacuum, the reaction diluted 
with water and the solid which precipitated was collected by filtration, and washed 
with water, iso^exane and acetone. This precipitate was converted to the free 
base by partitioning into a mixture of triethylamine, ethyl acetate and water. The 
organic phase was washed with water, dried (magnesium sulphate) and the 
solvent removed under vacuum. The residue was triturated with iso-hexane/ethyl 
acetate to give the product (2.41 g, 52%) as a yellow solid; 5H [^Hq] -DMSO 10.60 
(1H. b. NH), 9.83 (1H. s. CHO). 9.30 (1H. s, 2-H). 9.08 (1H. s. 5-H or 8-H), 8.76 
(1H. s, 5-H or 8-H). 7.89 (1H, d. furan-H), 7.82 (2H. d. 2'-H. 6'-H), 7.65-7.42 (6H. 
m. 5x Ph-H. furan-H). 7.21 (2H, d. 3'-H, 5'-H), 5.26 (2H. s. OCHj); m/z (M + 1)* 
423 

Example 7 

4-(4-Benzvl oxvanilino^-6-(/\/.A/-dimethvlamino^Dvrido[3.4-cnDvrimidine. 
Prepared according to Procedure C from 4-(4-ben2yloxyanilino)-6- 
chloropyrido[3.4-d]pyrimidine and dimethylamine (33% aqueous solution); 5H 
(CDCW 9.00 {1H.S). 8.52 (IH.s), 7.59 (2H,d). 7.40 (4H.m). 7.23 (1H.s). 7.13 
(2H.d). 6.35 (1H,s), 5.10 (2H.s). 3.20 (6H,s); m/z (M + 1)* 395. 

Example 8 

4-f4-Benzvl oxvanHino^-6-M-methvlpiperazin-4-vn-pvridof3.4-cffpvrimldine. 
Prepared according to Procedure C from 4-(4-l3enzyloxyanilino)-6- 
chloropyrldoI3.4-d]pyrimidine and 1-methylpiperazine; 6H (CDCI3) 9.00 (1H,s), 
8.58 (1H,s). 7.59 (2H. d). 7.28-7.40 (5H,m), 7.02 (2H,d), 6.59 (IH.s). 5.08 (2H.s), 
3.60-3.74 (4H.m). 2.52-2.64 (4H.m), 2.40 (3H.s); m/z (M + 1 )* 427. 

Example 9 

4-/4-Benzvl oxvanilino^-6-f f 1 -/-butoxvcarbonvnDiDerazin-4-vl1-Dvridof3.4- 
cflovrimidine. 

Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6-chloro- 
pyrido[3.4-d]pyrlmidine and (l-f-butoxycarbonyl)piperazine (commercially 
available from Aldrich); tic (dichloromethane:ethanol:aq.ammonia, 100:8:1) Rf 
0.44; m/z (M + 1)* 513. 
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Example 10 

4-r4-Ben2vloxvanilinoWthiomQroholin-4-vl>-Dvridor3.4-dlPvrimidine 
Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6- 
chloropyridoI3,4-{/lpyrimidine and thiomorpholine; 5H (CDCI3) 9.00 (1H,s), 
8.59 (1H,s), 7.59 (2H. d), 7.28-7.50 (5H.m), 7.03 (2H.d), 6.56 (1H.s), 5.09 
(2H.S). 3.92-4.18 (4H.m). 2.62-2.92 (4H.m); m/z (M + 1)* 430. 

Example 1 1 

4-r4-Ben2 vloxvaniiinQ)-6-fthiomorpholine-1 . 1 -dioxtde-4-vl^-pvridof3 4- 
dlpvrimidine. 

4-(4-Ben2yloxyanilino)-6-(thiomorpholin-4-yl)-pyrido(3,4-c(]pyrimidine (0.075g, 
0.175 mmol) was dissolved in a mixture of methanol (20ml) and water (10ml) 
and reacted with Oxone® (2KHSO5.KHSO4. K2S04. 0.323g, 0.525mmol) at 
room temperature for 24h to give the product as a yellow solid (0.023g, 28%); 
6H (CDCI3) 10.17 (IH.S). 9.65 (IH.s). 9.04 (IH.s). 8.74 (IH.s). 7.73 {2H. d), 
7.30-7.63 (5H.m). 7.03 (2H.d). 5.11 (2H.8). 5.02 (2H.t). 4.54 (2H.t), 3.44 
(2H.d). 3.18 (2H.d); m/z (M + 1)* 462. 

Example 12 

6-A/.A/-Dlmethvlamino -4-r4-Dhenoxvanilino^pvridor3.4-dlpvrimidine. 
6-Chloro-4-(4-phenoxyanilino)pyrido[3,4-dJpyrimidlne was prepared by the 
reaction of 4-phenoxyaniline and 4,6-dlchloropyrido[3,4-d]pyrimldine in 2- 
propanol according to Procedure A. with triethylamine present to give the free 
base of the product directly. Reaction of this product with dimethylamine 
(33% aqueous solution) according to Procedure C gave the title compound: 
6H (CDCIj) 9.00 (1H.S). 8.54 (IH.s). 7.70 (2H. d), 7.00-7.44 (5H.m). 7.13 
(2H.d). 6.38 (IH.s). 3.22 (6H.s); m/z (M + 1)* 358. 

Example 13 

6-Chloro-4- f4-phenvlthioanillno)Dvridof3.4-dlDvrimidine hvdochloride. 
Prepared according to Procedure A from 4-(phenylthio)aniline (commercially 
available from Salor) and 4,6-dlchloropyrido[3.4-d]pyrimidine; 6H I%]-DMSO 
8.94 (IH.s). 8.85 (IH.s). 8.25 (1H.s). 7.96 (2H.d). 7.24-7.49 (7H.m); m/z (M + 
1)* 365. 
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Example 14 

6-Chloro-4-r4-Dhenvlsulohonvlanilin otovridof3.4-cflpvrimidine hvdochloride 
Prepared according to Procedure A from 4-phenylsulphonylaniline (Helv. 
Chim. Acta., 1983. 66 (4), 1046) and 4.6-dichloropyrido[3.4-dlpyrimidine; 6H 
[Hl-DMSO 9.09 (1H.8), 8.80-6.88 (2H.m). 8.19 (2H.d), 7.94-8.09 (4H.m). 
7.53-7.20 (3H.m): m/z (M + 1)* 397. 

Example 15 

6-W./V-Dimethvlamino^-4-f4-Phenvlsu |phonvlanilino)pvrldof3.4-cnpvrlmldlnfl 
Prepared according to Procedure C from 6-chloro-4-(4- 
phenylsulphonylanilino)-pyrido[3.4-cqpyrimidine and dimethylamine (33% 
aqueous solution); 6H (CDCIj) 9.00 (1H.s). 8.57 (1H,s), 7.78-8.00 (BH.m). 
7.70 (1H.br s) 7.45-7.65 (3H.m), 6.50 (IH.s), 3.21 (6H,s); m/z (M + 1)* 254. 

Example16 

6-M-Methvlolperazin-4- vn.4-M-DhflnvlsulDhonvlanilinoVDvridQr3 4- 
crtovrimidine. 

Prepared according to Procedure C from 6-chloro-4-(4-phenylsulphonylanllino)- 
pyrido[3,4-cflpyrimidine and 1-methylpiperazine; 5H (CDCI3+DMSO) 9.66 (IH.s). 
8.91 (IH.s). 8.52 (1H.S), 8.15 (2H, d). 7.88-7.98 (4H,m). 7.48-7.62 (4H,m). 3.66- 
3.74 (4H.m), 2.52-2.64 (4H.m). 2.38 (3H.s); m/z (M + 1)* 461. 

Example 17 

6-f/V-Methvl-A/-r2-dimeth vlaminoethvnamino1-4-M.phenvlsulDhonvlanllino^- 
PvridGr3.4-dlPvrimidine. 

Prepared according to Procedure C from 6-chloro-4-(4- 
phenylsulphonylanilino)-pyrido[3,4-dlpyrimidine and N.N.N'- 

trimethylethylenediamine; 8H (CDCIj) 8.92 (IH.s). 8.69 (IH.s). 8.49 (IH.s). 
7.80-8.05 (6H.m). 7.38-7.60 (3H.m). 6.79 (IH.s). 3.68 (2H.t). 3.42 (3H.S). 2.51 
(IH.t). 2.29 (6H.S); m/z (M + 1)* 463. 

Example 18 

6-f/V-Methvl-/V-f2-hvdroxvethvnaminQl.4- f4-phenvlsulphonvlanilinotevridQf3 4- 
cHpyrimidine. 

Prepared according to Procedure C from 6-chloro-4-(4- 
phenylsulphonylanilino)-pyrido[3.4-clJpyrimidine and 2-(methylamino)ethanol; 
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6H iHl-DMSO 9.99 (1H,s). 8.89 (1H,s), 8.48 (1H.s). 8.20 (2H,d). 7.97-8.09 
(4H,m). 7.60-7.78 (3H.m). 7.27 (IH.s), 4.27 (1H,t), 3.75-3.85 (2H.m). 3.60- 
3.71 (2H,m). 3.21 (3H,s); mte (M + 1)* 436. 

Example 19 

6-Chlorc>4-f4-^ 1 ■3-dioxolan-2-vhmethoxvanHinolPvridQr3.4-dlDvrimidine 
hvdochloride. 

Prepared according to Procedure A from 4-(1,3-dioxolan-2-yl)methoxyaniline 
(prepared according to the published method: WO 96/09294) and 4,6- 
dlchloropyrido[3.4-d]pyrlmidine; 5H [HhDMSO 9.06 (IH.s), 8.85 (1H.s). 8.79 
(IH.s). 7.73 (2H.d). 7.05 (2H.d). 5.21 (1H.t). 3.70-4.06 (6H.m); m/z (M + 1)* 
359. 

6-fMA/-DimethvlaminoM-r4-M.3-dioxolan-2-vnmethoxvanill nolPvridor3.4- 
dlpvrimidine. 

Prepared according to Procedure C from 6-chloro-4-[4-(1 ,3^ioxolan-2- 
yl)methoxyanilino]pyrido[3,4-€r|pyrimidine and dimethylamine (33% aqueous 

solution); 5H (CDCI3) 9.71 (1H.s). 8.87 (IH.s), 8.38 (IH.s), 7.78 (2H,d), 7.35 
(1H.S) 7.09 (2H.d). 5.30 (IH.t). 4.00 (6H.m), 3.25 (6H.S); m/z (M + 1)* 368. 

Example 21 

6-Benzvloxv-4-(4-benzvloxvanilino)pvrldof3.4-cflpvrimidine 
6-Chloro-3H-pyrido[3,4-c(lpyrimidin-4-one (9.O89. 50.0 mmol) was reacted 
with sodium hydride (60% dispersion on mineral oil, 8.14g, 203.5 mmol) in 
benzyl alcohol at 150'C for 18 hours. The mixture was partitioned between 
water and ether (water layer at pH14 from the excess sodium hydride) and the 
layers separated. The aqueous layer was further washed with ether, and 
then acidified to pHI with dilute HCI, giving a cream precipitate. This was 
collected by filtration and dried at 60*C in vacuo to give 6-benzvloxv-3/^- 
pvridof3.4-dlPvrimidin-4-one (10.59g, 84%); 6H [^HeJ-DMSO 8.71 (IH.s). 7.79 
(IH.s), 7.25-7.48 (6H,m), 5.40 (2H.s); m/z (M + 1)* 254. 
6-Benzyloxy-3H-pyridoI3.4-c(lpyrimidin-4-one (1.033g, 4.08 mmol) was 
reacted with thionyl chloride (10ml) and dimethyl formamide (2 drops) at reflux 
under a nitrogen atmosphere for 5 hours, and then left at room temperature 
overnight. The mixture was concentrated in vacuo, azeotroping twice with 
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toluene to remove the excess thionyl chloride, to give 6-ben2vloxv-4- 
chloroDvridof3.4<nDvrlmtdine- 5H ['HsJ-DMSO 8.73 (1H,s), 8.10 (1H.s). 7.25- 
7.55 (6H.m). 5.41 (2H.s). 

6-Ben2yloxy-4-chloropyridoI3,4-c(lpyrimidine (ca. half the above material, ca. 
2 mmol) was reacted with 4-benzyloxyar)iline (0.430g, 2.25 mmol) in 
acetonltrile (10ml) according to Procedure A for 5 hours. The resulting brown 
solid was 6-ben2yloxy-4-(4-ben2yloxyanilino)pyridoI3,4-</lpyrimidine (0.621g, 
71%); 6H ['HeHJMSO 8.99 (IH.s). 8.73 (1H.8). 8.22 (IH.s). 7.71 (2H,d). 7.15- 
7.55 (10H.m). 7.10 (2H,d). 5.50 (2H,8). 5.13 (2H, s); mfz (M + 1)* 435. 

Example 22 

4-(4-Benzv loxvanilino^Dvridof2.3-gr|ovrimidine 

4-Chloropyrido[2,3-c(lpyrimidine (prepared as described in: R.K. Robins and 

G. W. Hitchings, J. Am. Chem. Soc. 77, 2256 (1955)) (G.165g. 1.0 mmol) and 
4-benzyloxyaniline (0.1 99g, 1.0 mmol) were reacted in ethanol (10 ml) for ca. 
2 hours, according to Procedure A. After cooling, the mixture was filtered, 
treated with triethylamine and concentrated in vacuo. Purification by column 
chromatography on silica, eluting with methanol/chlorofbrm (1:10). gave the 
product as a yellow solid (0.020g. 6%) with m.p. 235-237'C; (Found: C. 72.34; 

H. 4.85; N. 16.57. C2oH,,N40.0.25H20 requires: C, 72.16; H, 4.99; N. 
16.83%); 5H (H)-DMSO 9.10 (1H. d. J 9) and 9.08 (1H. d. J 5) (6H. 8-H}, 
8.78 (1H. s, 2-H), 7.76 (1H. dd. J 9. 5. 7-H), 7.62 (2H, d, J 9. 2'-H. 6'-H), 7.43 
(2H. d. J 7, 2"-H. 6"-H). 7.38 (2H. t. J 7. 3"-H. 5"-H). 7.30 (1H, t. J 8. 4"-H). 
7.08 (2H, d. J 9. 3'-H. 5'-H). 5.11 (2H. s. CHj); m/z (%) 328 (68. M+). 237 
(100). 91 (64). 

Examoie 23 

4-f4-Ben2vloxvanilinQ^thi 9nof3.2-cnDvrimidine hvdrQchlnri< ;fft 
4-ChlorothienoI3.2-o(]pyrimidlne (commercially available from Maybridge 
Chemical Co. Ltd.) (0.400g, 2.35 mmol) and 4-benzyloxyaniline (0.514g, 2.50 
mmol) were reacted in 2-propanol (10 ml) for 2.5 hours, according to 
Procedure A. The product was obtained as pale cream prisms (0.640g. 74%) 
with m.p. 227-229'C; (Found: C. 60.86; H. 4.19; N, 11.31. 
Ci9H,5N3OS.HCI.0.33H2O requires: C. 60.71; H, 4.43; N. 11.19%); tic (ethyl 
acetate) Rf 0.38; 5H [H]-DMSO 1 1.32 (1H, br s. NH), 8.81 (1H. s, 2-H), 8.45 
(1H. d. J 7. 6 H or 7 H) 7.28-7.62 (8H. m. 6H or 7H. 2'-H. 6'-H. 5 x PhH). 7.10 
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(2H. d. J 9. 3'.H. 5'-H). 5.15 (2H. s. CHa); m/2 (%) 333 (34, M*). 242 (100). 91 
(49). 

Example 24 

443-Chloro-4-f2-methoxvbBn2vlQxvtenilin oTthienor3.2-dlPvrimidine 
hydrochloride 

4-Chlorothlenol3,2-c(|pyrimidine (0.1 02g, 0.60 mmol) and 3-chloro-4-(2- 
methoxybenzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.161g, 0.65 mmol) were reacted in 2-propanol (4 ml) for 1.25 
hours, according to Procedure A. The product was obtained as pale cream 
prisms (0.203g, 78%) with m.p. 210-212'C; (Found: C, 55.28; H, 4.00; N, 
9.44. CwHisCINaOjS.HCI requires: C. 55.31; H. 3.92; N. 9.67%); 5H ['He]- 
DMSO 11.19 (1H, br s, NH), 8.88 (1H. s, 2-H), 8.48 (1H. d. J 7. 6 H or 7 H) 
7.87 (1H. d. J 5. 2'-H). 7.55-7.62 (2H, m. 6'-H, 4"-H), 7.48 (1H. d. J 7. 6H or 
7H). 7.28-7.40 (2H. m. 5'-H. 6"-H). 7.09 (1H. d, J 9. 3"-H). 7.00 (1H. t, J 9. 5"- 
H). 5.22 (2H, s, CHj), 3.85 (3H. s, OCHj). 

Examole 25 

4-r3-Chloro>4-f2-fluorobenzvloxvtenillnoHhienor3.2-cnpvrimid ine hydrochloride 
4-Chlorothleno[3,2-dJpyrimidine (0,1 03g. 0.60 mmol) and 3-chloro-4-(2-fluoro- 
benzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.197g, 0.78 mmol) were reacted in 2-propanol (4.5ml) for 4.5 
hours, according to Procedure A. The product was obtained as aeam prisms 
(0.208g. 82%) with m.p. 231-233'C; (Found: C, 53.39; H, 3.30; N. 9.79. 
CbHwCIFNjOS.HCI.HjO requires: C, 53.47; H, 3.42; N, 9.85%); 6H [^He]- 
DMSO 8.88 (1H. s. 2-H). 8.47 (1H. d. J 7. 6 H or 7 H) 7.88 (1H. d, J 5, Z-H), 
7.55-7.68 (3H. m). 7.33-7.49 (2H, m). 7.20-7.30 (2H, m) (6H or 7H. 5'-H. 6'-H. 
3".H, 4 '-H, 5"-H. 6''-H), 5.29 (2H. s. CHj); m/2 385 (M+1 +). 

Example 26 

4-r4-r2-Bromobenzyloxvl-3-chloroanilinQlthienot3.2-dlpyrimidine 
hydrochloride 

4-ChlorothienoI3,2-cflpyrimidine (0.1 03g, 0.60 mmol) and 4-(2- 
fluorobenzyloxy)-3-chloroaniline (prepared according to the published 
method: WO 96/09294) (0.234g. 0.75 mmol) were reacted in 2-propanol (5ml) 
according to Procedure A. The product was obtained as pale cream prisms 
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(0.2S6g. 88%) with m.p. 247-248'C; (Found: C. 47.10; H. 2.91; N.9.03. 
C,9H„BrCIN,0S.HCI requires: C. 47.23; H, 2.92; N, 8.70%); 5H ('HJ-DMSO 
11.28 (1H. br s. N-H). 8.88 (1H. s. 2-H). 8.49 (1H. d. J 7. 6 H or 7 H) 7 89 
(1H. d. J 5. 2'.H). 7.57-7.75 (4H, m). 7.44-7.53 (1H. m). 7.30-7.39 (2H. m) (6H 
or 7H. 5'-H. S'-H. 3"-H. 4".H. 5".H. 6"-H). 5.29 (2H. s. CH^); mfe 447 (M*). 

Example ?7 

4-[3-MethoxY^-(2-methOXVhftn7vtow^anilinn|*^iffp trf32.rflnwrimj^in^ 
hvdrochlQridp 

4-Chlorothieno(3.2-cGpyrimidine (O.l02g. 0.60 mmol) and 3-methoxy-4-(2- 
methoxybenzyloxy)aniline (prepared according to the published method WO 
96/09294) (O.ieig. 0.70 mmol) were reacted in 2-propanol (3ml) for75 
minutes according to Procedure A. The product was obtained as off-white 
pnsms (0.211g, 82%) with m.p. 207-208-C; (Found: C. 58.55; H. 4.76; N 9 53 
C2,H„N,0,S.HCI requires: C, 58.55; H. 4.69; N. 9.77%); 6H ^'He^DMSO 8 85 
(1H. 8. 2.H). 8.41 (1H. d. J 7, 6 H or 7 H) 7.55 (1H. d. J 7. 6-H or 7-H) 7 42 
(1H. d. J 9. 6'.H). 7.34 (1H. t. J 8. 4"-H). 7.29 (1H. s. 2'-H). 7.02-7.20 (3H m 
5'-H, 3"-H. 6--H). 6.98 (1H. t. J 8. 5"-H). 5.08 (2H. s. CH,). 3.83 and 3.79 (2 x 
3H. 2 X s, 2 X OCH3); m/i 393 (M+). 

Examole 28 

4-(4-BenzvlanilinoWhiennf 3.2-dlPvrimidinehvdrochloririft 
4-ChlorothienoI3.2-c(lpyrimidlne (0.060g. 0.35 mmol) and 4-aminodipheny|. 
methane (commercially available from K & K) (O.OSOg. 0.44 mmol) were 
reacted In 2-propanol (5 ml) for 30 minutes according to Procedure A The 
white solid obtained was 4-(44)en2ylanilino)thienoI3,2-<flpyrimidine 
hydrochloride (0.070g, 56%), m.p. 251.255'C; (Found: C. 64.00; H. 4.45. N. 
11.72. C,,H„N,S.HCI.0.1H2O requires: C, 64.16; H. 4.59; N, 11.81%) 5H 
[ HeJ-DMSO 1 1 .05 (1 H. br 8. NH). 8.81 (1 H. s. 2.H). 8.43 (1 H. d. J 8. 6-H or 7- 
H). 7.60-7.52 (3H. m. (6-H or 7.H). 2'-H. ff-H). 7.35-7.20 (6H. m. 3*-H 5'-H 
2--H. 3--H. 5".H. 6".H). 7.19 (1H. t. J 6. 4".H). 3.95. (2H. s. CH,); mte (%) 318 
(100. M+1+); nmax(KBrdlsc)/cm-1 2570. 1630, 1595. 1485, 1475, 1365. 
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Example 29 

4»(4-Pheno)(vanilino)thienoF3.2-c/lPvrimidine hydrochloride 
4-Chlorothieno[3,2-(/|pyrimidine (0.085g, 0.50 mmot) and 4-phenoxyaniline 
(O.IOSg, 0.55 mmol) were reacted in 2-propanol (3.5 ml) for 3 hours according 
to Procedure A. The product was obtained as a cream solid (0.1 30g. 73%). 
m.p. 236-240*C; (Found: C, 60.61; H. 3.95. N, 11.93. CieHisNaOS.HCI 
requires: C. 60.76; H.3.97; N. 11.81%); 5H lH]-DMSO 10.93 (1H. br s. NH). 
8.80 (1H. s. 2-H). 8.42 (1H. d. J 8, 6-H or 7-H). 7.69 (2H. d. J 9, 2'-H. 6'-H). 
7.55 (1H. d. J 8. 6-H or 7.H). 7.41 (2H. t. J 9, 3".H, 5"-H), 7.18 (1H, t, J 9. 4"- 
H). 7.04-7.15 (4H. m, 3'-H, 5'-H. 2"-H. 6"-H); m/z (%) 318 (100. M-l^). 

pxamole 30 

4-/4>(a.a-Difluorobenzvloxv^anilinoHhienor3.2-cnpvrimidine hydrochloride 
A mixture of 1,3 dibromo-5.5-dimethylhydantoin (11. 5g, 40.2 mmol). a.a- 
difluorotoluene (prepared by the published method of W. J. Middleton, J. Org. 
Chem., 1975. 40, p574) (7.0g. 55 mmol) and AIBN (0.25g) in CCU (300ml) 
was heated at reflux for 10 h while being tn^adiated (tungsten filament lamp, 
500W). The mixture was then diluted with petrol and the remaining precipitate 
removed by filtration. The filtrate was then evaporated and the resulting oil 
chromatographed (silica, petrol) to give a-bromo-a, a-difluorotoluene (5.5g, 
50%) as a colourless oil; 6H [^HeJ-DMSO 7.68 (2H, d, J 8, 2-H, 6-H). 7.62-7.55 
(3H. m. 3-H, 4-H, 5-H); dC ['HJ-CDCU 138.3 (triplet, J 23. 1-C). 131.2 (4-C). 
128.6 (3-C and 5-C), 124.3 (2-C and 6-C). 118.6 (triplet. J 300. CBrFj). This 
^^C data agrees with that published by A. Haas et ai, Chem Ber, 1988, 121. 
p1329. 

4-Nitrophenol (16.6g, 0.1 19 mol) was added to a stirred solution of potassium 
hydroxide (7.0g, 0.13 g) in absolute ethanol (50ml) and the mixture was 
heated at reflux for 30 min. Diethyl ether was then added to this yellow 
mixture and the resulting yellow precipitate collected by filtration to give 
potassium 4-nitrophenoxide (19.5g, 93%) as a bright yellow solid, which was 
used directly in the next step. 

A stirred mixture of potassium 4-nitrophenoxide (5.47g, 31 mmol) and a-bromo- 
a. a-difluorotoluene (3.2g, 15 mmol) in dry DMF (30 ml) under was heated 
at 78-80'*C for 8 h. The mixture was then concentrated in vacuo to remove 
most of the DMF, and the residue was partitioned between aq. sat. sodium 
bicarbonate (30ml) and dichloromethane. The organic layer was separated 
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and the water layer further extracted with dichloromethane (2 x 50ml). The 
combined organics were washed with water and dried over Na2S04. The 
solvents were then evaporated in vacuo and the residue chromatographed 
(silica, 10% diethyl ether/petrol) to give 4-(a.a-difluorobenzyloxy)nitrobenzene 
(2.7g, 67%) as a white crystalline solid, m.p. 46-48*C; 5H ['HeJ-DMSO 8.80 
(2H. d. J 9. 2-H. 6-H). 7.78 (2H. d. J 9. 2'-H. 6'-H). 7.65-7.55 (5H. m. 3-H. 5-H. 
3'-H. 4'-H. 5'-H); mlz (%) 265 (39. M+). 246 (44). 127 (100). 
A solution of 4-(a,a-difluoroben2yloxy)nitrobenzene (0.65g, 2.5 mmol) in a 
mixture of ethyl acetate (25ml) and methanol (25ml) was carefully added to 
10% palladium on charcoal (50mg). The resulting suspension was stin-ed at 
r.t.p. under an atmosphere of hydrogen. When the reaction was complete (as 
indicated by tic and calculated uptake of hydrogen) the suspension was 
filtered through a pad of hyflo and the filtrate evaporated to dryness to give 4- 
(a.a-difluorobenzyloxy)aniline (0.56g, 98%) as an off-white solid; 5H (*He]- 
DMSO 7.75 (2H. d. J 7. Z-H, 6'-H). 7.62 (3H. m. S'-H. 4*-H. 5*-H). 7.00 (2H. d. 
J 7. 2-H, 6-H), 6.60 (2H. d. J 7. 3-H, 5-H). 5.10 (2H. br s. NHj); m/z (%) 236 
(95. M+). 127 (100). 

4-ChlorothienoI3,2-c/lpyrimidine (0.049g. 0.29 mmol) and 4-(a.a-difluoro- 
benzyloxy)aniline (0.085g. 0.36 mmol) were reacted in 2-propanol (5ml) for 30 
minutes according to Procedure A. The white solid obtained was 4-(4-(a,a- 
dlfluorobenzyloxy)anilino)thieno[3,2-c(lpyrimidine hydrochloride (0.053g, 
36%), m.p. 265»C (dec); (Found: C, 56.57; H. 3.47. N, 10.42. 
C19H13N3SOF2.HCI requires: C, 56.23; H, 3.48; N, 10.35%); 6H ['HeJ-DMSO 
11.25 (1H. br s, NH), 8.88 (1H, s. 2-H). 8.50 (1H. d, J 5. 6-H or 7-H), 7.80- 
7.73 (4H. m. 2'-H. 6'-H. 2"-H, 6"-H); 7.67-7.55 (4H. m. 3"-H. 4"-H. 5"-H and (6- 
H or 7-H)), 7.40 (2H. d. J 9, 3'-H. 5'-H); m/z (%) 369 (60. M+). 242 (100); 
nmax (KBr disc)/cm-1 2550, 1630, 1591, 1504. 1468. 1321. 

Examole 31 

4-r4-f2-Thi envlmethQxv)anilino1thienor3.2-cnDvrimidine hydrochloride 
4-Chlorothieno[3,2-ol]pyrimidine (0.1 02g, 0.60 mmol) and 4-(2- 
thienylmethoxy)-aniline (prepared according to the published method: WO 
96/09294) (0.1 35g, 0.66 mmol) yn/ere reacted in 2-propanol (5 ml) for 2 hours, 
according to Procedure A. The product was obtained as a grey-green solid 
(0.1 38g, 61%) with m.p. 181-182'C; (Found: C. 53.64; H, 3.61; N. 11.04. 
C,7Hi3N3OS2.HCI.0.25H2O requires: C, 53.68; H. 3.84; N. 11.05%); 6H (Hi- 
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DMSO 11.28 (1H, br s, NH). 8.75 (1H, s, 2-H), 8.45 (1H. d, J 7. 6 H or 7 H) 
7.45-7.68 (4H. m. 6H or 7H. 2'-H. B'-H, 5"-H). 6.95-7.28 (4H. m. 3'-H. 5'-H. 3"- 

H, 4"-H), 5.32 (2H. 8, CHj); mte 339 (M+). 

Example 32 

4-f4-CvclohexvtmethoxvanilirioHhierior3.2-dlPvrifnidirie hydrochloride 
4-Chlorothieno[3.2-dlpyrimldlne (0.171g. 1.00 mmol) and 4- 
cyclohexylmethoxy-aniline (prepared according to the published method: WO 
96/09294) (0.205g. 1.00 mmol) were reacted in 2-propanol (5 ml) for 5 hours, 
according to Procedure A. The product was obtained as cream prisms 
(0.255g. 68%) with m.p. 232-233'C; (Found: C, 60.65; H, 5.68; N. 11.25. 
CwHaiNsOS.HCI requires: C. 60.71; H, 5.90; N, 11.23%); 5H (^Hel-DMSO 
11.11 (1H, brs, NH). 8.71 (1H. s, 2-H). 8.41 (1H. d, J 7. 6 H or7 H) 7.44-7.58 
(3H, m. 6H or 7H. Z-H. 6'-H). 7.03 (2H. d. J 9, 3'-H. 5'-H), 3.84 (2H. s. CHa). 

I. 58-1.90 (6H. m) and 0.98-1.33 (5H. m) (cyclohexyl-Hi,); m/z 339 (M+). 

Example 33 

7-Methvl-4-f4-phenoxvanilinoMhienor3.2-dlPvrimidlne hydrochloride 
4-Chloro-7-methylthieno(3,2-c/]pyrimidlne (commercially ayailable from 
Maybridge Chemical Co. Ltd.) (0.1 85g, 1.00 mmol) and 4-phenoxyaniline 
(0.21 Og, 1.1 mmol) were reacted in 2-propanol (5 ml) for 2 hours according to 
Procedure A. The product was obtained as a yellow solid (0.294g. 80%), m.p. 
243-245X; (Found: C, 61.46; H, 4.27, N, 11.32. CwHtsNjOS.HCI requires: C. 
61.70; H. 4.36; N. 11.36%); 6H pHeJ-DMSO 10.85 (1H. br s. NH), 8.78 (1H, s, 
2-H). 8.05 (1H. 2. 6-H). 7.69 (2H. d. J 9, 2'-H. 6'-H). 7.42 (2H. t. J 9. 3"-H. 5"- 
H), 7.00-7.20 (5H. m. 3'-H. 5'-H, 2"-H. 4"-H, 6"-H), 2.43 (3H, s. 7-CH3); m/z 
(%) 333 (M*). 

Example 34 

4-(4-Behzvloxy-3-trifluoromethvlanllinoW-methylthienor3.2-dlPvrimidine 
hydrochloride 

4-Chloro-7-methylthienoI3,2-d]pyrimidine (0.1 11g, 0.60 mmol) and 4- 
benzyloxy-3-trifluoromethylaniline (prepared according to the published 
method: WO 96/09294) (0.1 94g, 0.78 mmol) were reacted in 2-propanol (4.5 
ml) for 4 hours according to Procedure A. The product was obtained as a 
pale pink solid (0.257g. 95%), m.p. 219-220'C; (Found: C. 56.30; H, 4.91, N, 
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8.21. CjiHtjFjNsOS.HCI.iPrOH requires: C, 56.30; H. 4.89; N, 8.21%); 5H 
I'HJ-DMSO 11.12 (1H, br s. NH). 8.81 (1H. s. 2-H). 8.12 (1H. s. 6-H). 8.02 
(1H. d. J 2. Z-H). 7.97 (1H. dd. J 9.2, 6'-H). 7.29-7.49 (6H. m. 5'-H. PhHs). 
5.32 (2H. s. CHa), 5.79 (1H, sept, J 6, CHOH of IPrOH). 2.45 (3H, s, 7.CH,), 
1 .05 (6H. d. J 6. C(CHs)2 of iPrOH); mte (%) 41 5 (M*). 

Example 35 

443-Chloro-4-f2-fluorQbenzvloxv^anilin o]-5-methvlthierior2.3.cflDwimidine 
hydrochloride 

4-Chloro-5-methylthienoI2,3-dlpyrimidine (commercially available from 
Maybridge Chemical Co. Ltd.) (0.092g. 0.50 mmol) and 3-chloro-4-(2- 
fluorobenzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.164g, 0.65 mmol) were reacted in 2-propanol (3.5ml) for 4 
hours, according to Procedure A. The product was obtained as cream plates 
(0.156g, 72%) with m.p. 193-196'C; (Found: C, 55.17; H, 3.77; N. 9.56. 
CmHisCIFNsOS.HCI requires: 0. 55.05; H. 3.70; N, 9.63%); 5H ['He]-DMSO 
8.39 (1H. s. 2-H). 8.37 (1H. br s. N-H). 7.75 (1H. d. J 4. 2'-H), 7.49-7.59 (2H. 
m), 7.34-7.44 (1H. m). 7.16-7.32 (4H. m) (6.H. 5'-H. 6'-H, 3"-H. 4"-H. 5"-H. 6"- 
H), 5.19 (2H, s, CHj), 2.69 (3H. s, 5-CH,); m/z400 (M+1+). 

Example 36 

4-M-CvclohexvlmethQx vanilino)-5-methvlthienor2.3-cflDvrimidine hydrochloride 
4.Chloro-5-methylthienoI2,3-c(|pyrimidine (0.092g. 0.50 mmol) 4-cyclohexyl- 
methoxyaniline (prepared according to the published method: WO 96/09294) 
(0.1 33g, 0.65 mmol) were reacted in 2-propanol (3.5 ml) for 8 hours according 
to Procedure A. The product was obtained as a colourless solid (0.1 20g. 
62%). m.p. 180-183X; (Found: C, 60.83; H. 6.10. N, 10.53. 
C2oH»N30S.HCI.0.25H20 requires: C. 60.90; H. 6.22; N. 10.65%); 5H [^Hg]- 
DMSO 8.48 (1 H. br s, NH). 8.39 (1H. s. 2-H). 7.50 (2H. d. J 9. 2'-H. 6'-H). 7.31 
(1H. s. 6-H). 6.97 (2H, d. J 9. 3'-H. 5'-H). 3.81 (2H. d. J 8. CHj). 2.73 (3H. s. 5- 
CH,), 1.60-1.88 (6H. m) and 0.98-1.45 (5H, m) (cyclohexyl-H„); m/z 354 
(M+1*). 
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Example 37 

S-Methvl-4^4-DhenoxvanilinoUhiBno[2.3-c/lPvrimidine hydrochloride 
4-Chloro-5Hfnethylthieno(2,3-d]pyrimidine (0.1 85g. 1.00 mmol) and 
aniline (0.21 Og, 1.1 mmol) were reacted in 2-pfopanol (6 ml) for 17 hours 
according to Procedure A. The product was obtained as a pale grey solid 
(0.297g. 80%). m.p. 21 8-221 •C; (Found: C. 61.61; H. 4.33, N, 11.25. 
CisHisNsOS.HCI requires: C. 61.70; H. 4.36; N. 11.36%); 5H ['HeJ-DMSO 8.60 
(1H. br s. NH), 8.49 (1H. s, 2-H). 7.68 (2H. d, J 9. Z-H. 6'-H), 7.33-7.48 (3H, 
m. 6-H, 3"-H. 5"-H). 7.17 (1H. t, J 9. 4"-H). 7.00-7.10 (4H, m. 3'-H, 5'-H, 2"-H. 
6"-H), 2.75 (3H. s, 5-CH3); m/2 333 (M*). 

Example 38 

4-f4-Phen oxvanilinoV5-f2-thienviMhienor2.3-cflpvrlmidine hydrochloride 
4-Chl6ro-5-(2-thienyl)thieno[2,3-d]pyrimidlne (commercially available from 
Maybridge Chemical Co. Ltd.) (0.1 26g, 0.50 mmol) and 4-phenoxyaniline 
(0.1 16g, 0.63 mmol) were reacted in 2-propanol (3 ml) for 6.5 hours according 
to Procedure A. The product was obtained as an off-white powder (0.1 50g, 
71%). m.p. 171-172»C (effervescence); (Found: C. 62.60; H. 3.60, N, 9.85. 
C22H,5N3OS2.0.67HCI requires: C. 62.06; H. 3.71; N, 9.87%); 5H [^HaJ-DMSO 
8.58 (IH.s). 7.79-7.85 (2H,m). 7.29-7.56 (7H.m). 6.93-7.13 (5H,m); m/z 401 
(M+). 

Example 39 

4-(4-Benzvloxv-3-chloroanilino)-6-(/\/.A/-dimethylamino)Pvridof3.4-dlpvrlmidine 
hydrochloride. 

Prepared according to Procedure A from 4-chloro-6-(A/,/\/-dimethylamino)- 
pyrido[3.4-dlpyrimidine and 4-benzyloxy-3-chloroaniline (prepared according 
to the published method: WO96/09294); tic (dichloromethane: ethanol: aq. 
ammonia, 1 00: 8: 1 ) Rf 0.48; m/z (M + 1 )* 406. 



wo 97/13771 



40 



PCT/EP96/04399 



Example 40 

6-( /\/.A/-DimethvlaminoM 44-( 1 -phenvl-1 -cvanomethvnanilinolpvridor3.4- 
c/lDvrimidine hydrochloride. 

Prepared according to Procedure A from 4-chloro-6-(A/,A/-dimethylamino)- 
pyrido[3,4-d]pyrimidine and (4-aminophenyl)-phenylacetonltrile (commercially 
available from Salor); tic (dlchloromethane:ethanol:aq.ammonia, 100:6:1) Rf 
0.43; m/z(M + 1)^381. 

6-fA/.A/>DlmethvlaminoW4.M-Dhenvl-1.2-dioxoethvl.2.vltenili no1-Dvridor34- 
cnovrimidine hydrochloride. 

Prepared according to Procedure A from 4-chloro-6-(A/,A/-dimethylamino)- 
pyrido[3,4-c(lpyrimidine and 1-(4-aminophenyl)-2-phenylethan-1 ,2-dione 
(commercially available from Salor); tic (dichloromethane: ethanol: 
aq.ammonia. 100:8:1) Rf 0.44; m/z (M + 1)* 398. 

Examole 42 

6-f/\/.A/-DimethvlaminoM-f4-r2-Pvridvlmethoxylanilino1-Dyridof3.4-cnDvrimidine 
hydrochloride. 

4-(2-Pyridylmethoxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
picolyl chloride hydrochloride (Aldrich) according to Procedure D. This was 
reacted with 4-chloro^(A/,/\/-dimethylamino)pyrido[3,4-d]pyrimidine according 
to Procedure A to give the product; tic (dichioromethane:ethanol:aq.ammonia, 
1 00:8:1 ) Rf 0.37; m/z (M + 1 )* 373. 

Example 43 

6-(A/.A/-DimethvlaminoM-f4-(2-fluorobenzvloxvlanilinolPvridof3.4-dlovrimidine 
hydrochloride. 

4-(2-Fluorobenzyloxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted 
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with 4-chloFO-6-(/y/.A/-dimethylamino)pyriclo[3,4<:qpyrimidine according to 
Procedure A to give the product; tic (dichloromethane:ethanol:aq.ammonia, 
1 00:8:1 ) Rf 0.48; m/z (M + 1 )* 390. 

Example 44 

6-fM/^-Dimethvlarnino>-4-r4-f3^uoroban2vloxv^afiilinol DvrldQf3.4-d1pvrimidine 
hydrochloride. 

4-(3-Fluorobenzyloxy)aniline was prepared from 4-nitrophenol (Aldrich) and 3- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted with 
4-chloro-6-(A/,A/-dimethylamino)pyridoI3.4-c(lpyrimidine according to Procedure A 
to give the product; tic (dichloromethane:ethanol:aq.ammonia, 100:8:1) Rf 0.48; 
m/2(M + 1)*390. 

Examples 45 to 49 

The following compounds are prepared by analogous techniques using the 
appropriate starting materials: 

4-(4-Phenylsulphonylanilino)-6-{1-methylimldazol-2-yl)-pyrido[3,4- 
djpyrimidine; 

4-(4-Benzyloxyanilino)-7-dimethylamino-pyrido[4.3-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(2Hmidazolyl)-pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(5-carboxyfuran-2-yl)-pyrido[3,4-d]pyrimidine. 



wo 97/13771 



42 



PCT/EP96/04399 



Biological Data 

Compounds of the present invention were tested for protein tyrosine Itinase 
inhibitory activity in a sulastrate phosphorylation assay and a celt proliferation 
assay. 

The substrate phosphorylation assay uses a baculovirus expressed, recombinant 
construct of the intracellular domain of c-erbB-2 that is constitutively active. The 
method measures the ability of the isolated enzyme to catalyse the transfer of 
33p-fabelled y-phosphate from ATP onto tyrosine residues in a synthetic peptide. 
The enzyme is incubated for 1 hour, at room temperature, vwth 100mM ATP, 
10mM MnCl2. 1mg/ml PolyGluAlaTyr (6:3:1) and test compound (diluted from a 
5mM stock in DMSO. final DMSO concentration is 2%) in 40mM HEPES buffer, 
pH 7.4. The reaction is stopped by the addition of EDTA (final concentration 
0.1M) and the peptide is then precipitated onto ion exchange filter paper and the 
incorporated radioactivity determined. The results are shown in the first column of 
Table 1 below as the IC50 values in nM. 

The cell proliferation assay uses an immortalised human breast epithelial cell line 
(HB4a) which has been transfonned by over-expression of c-erbB-2. Growth of 
these cells in low serum is dependent upwi the c-erbB-2 tyrosine kinase activity. 
The specificity of the effect of the test compounds on tyrosine kinase dependent 
growth over general toxicity is assessed by comparison to an HB4a cell line 
v^rhich has been transfected with ras. Cells are plated at 3000Avell in 96-well 
plates in 0.1 ml medium and allowed to attach overnight, test compound is added 
in 0.1 ml medium, with a final concentration of 0.5% DMSO, and the plates 
Incubated for 4 days at 37X. The cells are then examined microscopically for 
evidence of morphological detransformation and cell mass is estimated by 
staining with methylene blue and measuring the absorbance at 620nm. The 
results are shown in the second and third columns of Table 1 below as the IC50 
values in nM. 
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Table 1 



Compound of 
Example 


ert>B-2 Substrate 
Phosphor^tion 


HB4a erbB-2 CeU 
Proliferation 


HB4arasCel] 
Proliferation 


1 


58 


2700 


17000 


2 


26 


690 


3700 


3 


115 


11000 


44000 


4 


124 


2500 


11000 


5. 


14 


500 


1 1000 


7 


1.3 


300 


>50000 


8 


20 


590 


7500 


11 


920 


10000 


37000 


12 


24 


1600 


31000 


14 


900 


15000 


50000 


15 


30 


570 


32000 


16 


SO 


2400 


6600 


17 


200 


4400 


10000 


18 


5 


150 


28000 


20 


10 


2400 


46000 


23 


300 


2000 


5000 


24 


SO 


10000 


18000 


25 


ISO 


500 


3000 


26 


230 


2500 


30000 


28 


200 


3000 


13000 


29 


110 


5000 


20000 


30 


860 


6000 


15000 


35 


99 


8000 


25000 


36 


500 


10000 


10000 


37 


650 


17000 


25000 


38 


490 


20000 


20000 
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Claims 

1 . A compound of fomiula (A): 

R' 




or a phamnaceutically acceptable salt thereof, 
or a pharmaceutically acceptable salt thereof, 
wherein X is N or CH; 
wherein 

J} 

represents a fused 5. 6 or 7-membered heterocyclic ring containing 1 to 5 
heteroatoms which may be the same or different and which are selected from N, 
0 or S(0)m, wherein m is 0, 1 or 2, the heterocyclic ring containing a total of 1. 2 
or 3 double bonds inclusive of the bond in the pyridine or pyrimidine ring, with the 
provisos that the heterocyclic ring does not fbmi part of a purine and that the 
fused heterocyclic ring does not contain two adjacent 0 or S(0)m atoms; 

Y is a group W(CH2). (CH2)W. or W, in which W is 0, S(0)m. or Npa wherein m 
is as defined above and Ra is hydrogen or a C^^ alkyi group; 

each independently represents a 5- or 6-membered heterocyclic ring 
containing 1 to 4 heteroatoms selected from N, 0 or S(0)m, wherein m is as 
defined above, with the proviso that the ring does not contain two adjacent 0 or 
S(0)m atoms, optionally substituted by one or more groups independently 
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selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, nitro, amino, 
cyano, C^^ alkyi, C^^ alkoxy, alkylthio, alkyi carbonyl, formyl, 
carboxy, alkoxy carbonyl, carboxamlde, alkylamino carbonyl, (Ci^ 
alkyi)amino, di-(Ci^ alkyl)amlno; or 

each is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, formyl, carboxy. trifluoromethyl, trifluoromethoxy, 
carbamoyl, ureido, Ci.s alkyI, alkoxy, C^jb cycloalkoxyl, C4-8 

alkylcycloalkoxy, C-j^ alkoxycarbonyl, N-Ciw4 alkylcarbamoyL N,N-di-(Ci^ 
alkyl]carbamoyl. hydroxyamino, alkoxyamino, alkanoyloxyamino, Ci^ 
alkylamino, di[Ci^ alkyl]amino, pyrrolidin-1-yl, piperidino, morpholino, 
thiomorpholino, thiomorpholino-1,1 -dioxide, piperazin-l-yl, alkylpiperazin- 
1-yl. alkylthio, arylthio, alkylsulphinyl, arylsulphinyl, C-j^ 

alkylsulphonyl. arylsulphonyl, halogeno-Ci^ alkyI, hydroxy-C^^ alkyI, 
alkanoyloxy-Ci^ alkyI, Ci^ alkoxy-C^w^ alkyl. carboxy-Ci^ alkyI, 
alkoxycarbonyl-Ci^-alkyl, amino-Ci^ alkyl. alkylamino-Ci^ alkyl, di-[Ci. 
4 alkyl]amino-Ci^ alkyl, [di-Ci^ alkyl]amino*Ci^ alkylene-(Ciw9 alkyl)amino. 
Ci^alkylamino-Ci^alkylene-(Ci^alkyl)amino, hydroxy-Ci^alkylene-(Ci. 
4alkyl)amino, piperidino-Ci^alkyl, morpholino-Ci-4 alkyl, thiomorpholino-Ci^ 
alkyl, thiomorpholino-1.1-dioxide-Ciw4 alkyl. piperazin-l-yl-Ci^ alkyl, C-j^ 
alkylthio-C-j^ alkyl. phenoxy-C^^ alkyl. anilino-Ci-4 alkyl, phenylthio-C-]^ alkyl, 
cyano-Ci-4 alkyl, halogeno-C2^ alkoxy, hydroxy-C2^ alkoxy. alkanoyloxy- 
C2-4 alkoxy, C^^ alkoxy-C2^ alkoxy, carbamoyl-Ci^ alkoxy, amino-C2-4 
alkoxy, Ct-4 alkylamino-C2-4 alkoxy, di-[Ci-4 alkyl]amino-C2-4 alkoxy, phenyl- 
C-|^ alkoxy, phenoxy-C2-4 alkoxy, anilino-C2^ alkoxy, phenylthio-C2^ alkoxy, 
piperidino-C2^ alkoxy, morpholino-C2^ alkoxy, thiomorpholino-C2^ alkoxy, 
thiomorpholino*1,1-dioxide-C2^ alkoxy, piperazjn-1-yl-C2^ alkoxy, halogeno- 
C2-4 alkylamino. hydroxy-C2^ alkylamino, C2^ alkanoyloxy-C2-4 alkylamino, 
alkoxy-C2^ alkylamino, phenyl-Ci^ alkylamino, phenoxy-C2^ alkylamino, 
aniiino-C2^ alkylamino, phenylthio-C2^ alkylamino, 62^4 alkanoylamino, Cf^ 
alkoxycarbonylamino, alkylsulphonylamino, benzamido. 

benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin- 
1-yl, halogeno-C2w4 alkanoylamino, hydroxy-C2-4 alkanoylamino, alkoxy- 
C2^ alkanoylamino, and carboxy-C2w4 alkanoylamino, and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino, phenoxy or 
phenyl group on a R") substituent may optionally bear one or two halogeno, C^^ 
alkyl or C 1 ^ alkoxy substituents; 
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and I is 0 to 3; 

or when lis 2 or 3. two adjacent R1 groups together form an optionally substituted 
methylenedioxy or ethyienedioxy group; 

R2 is selected from the group comprising: hydrogen, halogen, trifluoromethyl Ci 
4 alkyi and alkoxy; ^" 

R3 is a group ZR* wherein Z is joined to RMhrough a (CH2)p group in which p is 
0. 1 or 2 and Z represents a group V(CH2). V(CF2). (CH2)V. (CF2)V. V(CRR') 
V(CHR) or V where R and R'are each alkyi and in which V is a hydrocarbyl 
group containing 0.1 or 2 carbon atoms, carbonyl. dicarbonyl. CH(OH) CH(CN) 
sulphonamlde. amide, 0. 8(0)^ or NRb where Rb is hydrogen or Rb is 
alkyI; and R^ is an optionally substituted C« cycloalkyi or an optionally 
substituted 5, 6. 7. 8. 9 or 1 0-membered carbocyclic or heterocyclic moiety 
or R is a group ZR* in which Z Is NR^ and NR* and R^ together form an 
optionally substituted 5. 6. 7. 8. 9 or 10-membered carbocyclic or heterocyclic 
moiety; 

each r5 is independently selected from the group comprising; hydrogen hydroxy 
halogen. alkyl. alkoxy. alkylamino. di-fCM alkyljamino. Ci . 
alkylthio. alkylsulphinyl. alkylsulphonyi. alkylcarbonyl Ci^ 

alkylcarbamoyl, di-[Ci^ alkyl] carbamoyl, carbamyl. alkoxycarbonyl. cyano 
nitro and trifluoromethyl, and n Is 1 .2 or 3. 

2. A compound of fonnula (A) as claimed in daim 1 or a salt thereof, wherein 



is selected from the group comprising: 



wo 97/13771 



47 



PCT/EP96/04399 




3. A compound of formula (A) as claimed in claim 1 or 2 or a salt thereof, 
wherein 



and I = 1 or 2. 

4. A compound as claimed in any one of claims 1 to 3, wherein X is N and Y 
is NRb, RP representing hydrogen or methyl. 

5. A compound as claimed in any one of claims 1 to 4, wherein is selected 
from the group comprising phenyl, furan, thiophene, pyrrole, oxazole, isoxazole, 
thiazole, isothiazole, imidazole, pyrazole and piperazine or a hydrogenated 
derivative of any of the aforementioned and is optionally substituted by one or 
more groups selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, 
nitro. amino, cyano. alkyi, C-|^ alkoxy, alkylcarbonyl , C1-4 
alkoxycarbonyl, formyl or carboxy; 

or is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, alkyl. C^jq alkoxy, benzyloxy, morpholino. 

thiomorpholino. thiomorpholino-1,1 -dioxide, pynroiidino, piperidino, C-i^ alkylthio. 
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alkylsulphinyl. alkylsulphonyl. alkylamino, dialkylamino. [di- 
alkyl]amino.Ci^ alkylene-(Ci^ alkyl)amino, Ci^alkylamino-Ci^alkylene- 
(Ci^alkyl)amino or hydroxy-Ci^alkylene-(Ci^alkyl)amino. 

6. A compound as claimed in any one of the preceding claims, wherein r"" is 
selected from the group comprising phenyl, furan. pyrazole. imidazole and 
piperazine. optionally substituted by one or more groups selected from 
alkyl. formyl. carboxy or alkoxycarbonyl; or Is independently selected 
from the group comprising hydrogen, halogen. alkyl. benzyloxy 
thiomorpholino. thiomorpholino-1.1 -dioxide. alkylamino. dialkylamino! 
Idi-Ci^ alkyllamino-Ci^ alkylene^Ci^ alkyl)amino. Ci^alkylamino-Ci^i 
alkylene.(Ci^alkyl)amino or hydroxy-Ci^alkylene-(Ci^alkyl)amino. 

7. A compound as claimed in any one of the preceding claims, wherein r2 is 
hydrogen. alkyl. alkoxy or halogen, preferably hydrogen or methyl, 
more preferably hydrogen. 

8. A compound as claimed In any one of the preceding claims, wherein r4 is 
an optionally substituted 5 or 6-membered carbocydic or heterocyclic moiety 
preferably an optionally substHuted phenyl, dioxolanyl. thienyl. cyclohexyl or 
pyridyl group. 

9. A compound as claimed in claim 8, wherein the optional substituents for 
the carbocydic or heterocydic moiety are seleded from the group comprising 
hydroxy, halogen, trifluoromethyl. trifluoromethoxy, nitro. amino, cyano. 
alkyl. alkoxy, alkylthio, alkylcarbonyl. carboxylate and Ci^ 
alkoxycarboxyl. 

10. A compound as daimed in any one of the preceding daims wherein 2 is 
oxygen. CHa, NRb NRb(CH2). (CH2)NRb 0(CH2). (CH2)CN. 0(CF2). (CH2)0, 
(CF2)0, S(CH2), S(0)m, carbonyl or dicarbonyl. preferably oxygen, dicarbonyl, 
OCHj, CH2(CN). S(0)„ or NRb wherein Rb is hydrogen or alkyl. 

11. A compound as claimed in any one of the preceding claims wherein r3 js 
seleded from the group comprising benzyl, phenyl, pyridyl. pyridylmethyl 
pyridyloxy. pyridylmethoxy, thienylmethoxy, dioxolanylmethoxy 
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cyclohexylmethoxy, phenoxy, phenylthio, benzyloxy, halo-, dihalo- and 
trihalobenzyloxy. Ci^ alkoxybenzyloxy, phenyloxalyl or phenylsulphonyl. 

12. A compound as claimed in any one of the preceding claims wherein r5 is 
hydrogen, hydroxy, halogen. alkyl. alkoxy. di-[Ci^ alkyljamino. nitro 
or trifluoromethyl. preferably hydrogen, halogen, trifluoromethyl or methyl, more 
preferably hydrogen. 

13. A compound as claimed in claim 1 selected from the group comprising: 

4-(4-Ben2yloxyanilino)-6-chloropyridoI3,4-c(]pyrimidine; 

4-(4-Ben2yloxyanilino)-6-(A/-methylimidazol-5-yl)pyrido[3,4-cOpyrimidine; 

4-(4-Ben2ytoxyanilino)-6-(A/-methylimidazol-2-yl)pyridol3,4-c(Jpyrimidine; 

4-(4-Benzyloxyanillno)-6-(A/-methylpyrazol-2-yl)pyrido[3,4-c(lpyrimidine; 

4-{4-Benzyloxyanilino)-6-{furan-2-yl)pyridoI3,4-c(lpyrimidine; 

4-{4-Benzyloxyanilino)-6-{5-formylfuran-2-y!)pyrido[3.4-dlpyrimldine; 

4-(4-Benzyloxyanillno)-6-(/V,W-dimethylamino)pyrido[3.4-dlpyrimidine; 

4-(4-Benzyloxyanllino)-6-(1-methylpiperazin-4-yl)-pyrido[3.4-dlpyrimidine; 

4-(4-Benzyloxyanilino)-6-l(1-f-butoxycarbonyl)pipera2in-4-yll-pyridoI3,4- 
cOpyrimidine; 

4-(4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyridoI3,4-c(lpyrimidine; 
4-(4-Benzyloxyanilino)-6-(thiomorpholine-1 , 1 -dioxide-4-yl)-pyridoI3.4- 
cdpyrimidine; 

6-A/.A/-Dimethylamino-4-(4-phenoxyanilino)pyrido[3,4-c(Jpyrimidjne; 

6-Chloro-4-{4-phenylthioanilino)pyrido(3,4-d]pyrimidine;. 

6-ChIoro-4-(4-phenylsulphonylanilino)pyridof 3,4-c(Jpyrimidine; . 

6-(/V.A/-Dimethylamlno)-4-(4-phenylsulphonylanlllno)pyridoI3.4-dlpyrlmidine; 

6-(1-Methylpiperazin-4-yl)-4-(4-phenylsulphonylanilino)-pyrido[3.4- 

d]pyrimidine; 

6-l/V-Methyl-A/-{2-dimethylaminoethyl)amino]-4-(4-phenylsulphonylanilino)- 
pyrido[3,4-d]pyrimidine; 

6-{A/-Methyl-A^(2-hydroxyethyl)aminoH-(4-phenylsulphonylanilino)pyrido[3.4- 
c/]pyrimidine; 

6-Chloro-4-I4-( 1 ,3-dioxolan-2-yl)methoxyanilino]pyridoI3.4-of]pyrimidine; . 

6-(/V.A/-Dimethylamino)-4-{4-(1,3-dloxolan.2-yl)methoxyanilino]pyrido[3,4- 
d)pyrimidine; 

6-Ben2yloxy-4-(4-benzyloxyanilino)pyrido[3,4-d]pyrimidine; 
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4-(4-Ben2yloxyanilino)pyridoI2.3-dlpyrimidine; 
4-(4-Ben2yloxyanilino)thienoI3,2-c(Jpyrimidine; 

4-[3-Chloro^24nethoxyben2yloxy)anilino]thienoI3,2-d]pyrimidine; 

4-[3-Chlor<M-(2"fluoroben2yloxy)anilinoJthienoI3.2-d]pyrimidine; 

444K2-Brornobenzyloxy)-3<hloroanllirK)]thienoI3,2-<^pyrjmidine^^ 

443-Metho)<y^2-methoxyben2yloxy)anllinoJthienoI3.2-<qpyrimid^^ 

4-{4-Benzylanllino)thjeno[3.2-c(lpyrimjdine: 

4-(4-Phenoxyanilino)thleno(3.2-d]pyrimidine; 

4-(4-(a.a-Difluorobenzyloxy)anjlino)thieno[3.2-dlpyrimldine; 

4.I4^2-Thienylmethoxy)anilinoIthienoI3.2-<qpyrimidine; 

4-(4-Cyclohexylmethoxyanilino)thieno[3.2-dJpyrimidine: 

7-Methyl-4-(4-phenoxyanilino)thienoI3.2-cGpyrimidine; 

4^4-Benzyloxy-3-trifluoromethylanilino).7-fnethylthieno[3,2-£/lpyrimidine; 
4-[3-Chloro-4-(2-fluorobenzyloxy)anilfno]-5-methylthieno[2.3-fflpyrimidine; 

4- (4-Cyclohexylmethoxyanilino)-5-methylthieno[2.3-d]pyrimidine; 

5- Methyl^4-phenoxyanillno)thieno[2.3-d]pyrimidine; 

4-(4-Phenoxyanilino)-5-(2-thlenyl)thieno[2,3^pyrimidjne; 

4-(4-Benzyloxy^K*iloroanilino)-6KW./VKlimethylamino)pyridoI3.4- 
cdpyrimidine; 

6- (/V,/V-DimethylaminoM-(4^1.phenyl-1-cyanomethylJanllino^pyrido[3.4- 
djpyrimidine; 

6-(/V./V-Dimethylamino)-4-I4-(1-phenyl-1,2-dioxoethyl-2-yl)anilino]-pyrido[34. 
c(]pyrimidine; 

6-(/V./V-Djmethylamino)-4-I4-(pyridyl-2-methoxy)anilino]-pyrldoI3.4- 
edpyrimidine; 

6-{A/,/V-Dimethylamino)^-[4-(2-fluorobenzyloxy)anilino]pyridoI3.4- 
cfjpyrimidine; 

6-{/V./V.Dimethylamlno)^4-(3-fIuoroberusyloxy)anjlinoJpyridoI3,4-cyjpyrimldine; 
and salts thereof, particularly pharmaceutlcally acceptable salts thereof. 

14. A compound as claimed in claim 1 3 selected from the group comprising- 

4-(4-Benzyloxyanilino)-6-(/V-methylimidazol-5-yl)pyrido[3.4-dIpyrimidine; 

4-(4-Benzyloxyanilino)-6-(A/./V-dimethylamino)pyrido(3.4-cyipyrimidine: 

6^A/./V-Dimethylamino)-4.I4.(1.3-dioxolan-2-yl)methoxyanilinoJpyrido[3.4. 
cQpyrimidine; 

and salts thereof, particularly pharmaceutically acceptable salts thereof. 
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15. A phannaceutical formulation comprising one or more compounds of 
fbmiula (A), or pharmaceuticaliy acceptable salt(s) thereof, together with one or 
more pharmaceuticaliy acceptable carriers, diluents or excipients. 

16. A pharmaceutical fonmulatlon as claimed in daim 15 in unit dosage form 
and containing a compound of formula (A) or a pharmaceuticaliy acceptable salt 
thereof in an amount from 70 to 700 mg. 

1 7. A process for the preparation of a compound of formula (A), comprising the 
reaction of a compound of formula (B): 



R 



(B) 



with a compound of the formula C: 

YH 




l| (C) 

wherein L is a suitable leaving group and X. Y, I. n and r1 to r5 are as defined in 
claim 1 . 

18. A process as claimed in claim 17 wherein the process also includes the 
step of converting one compound of formula (B) into another compound of 
formula (B) prior to the reaction with the compound of fomiula (C). 

19. A process as claimed in claim 17 or claim 18 wherein the process also 
includes the step of converting one compound of fonnula (C) into another 
compound of fomr^ula (C) prior to the reaction with the compound of formula (B). 
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20. A process as claimed in any one of claims 17 to 19, the process also 
including the step of converting one compound of fonnula (A) into another 
compound of formula (A). 

21 . A compound of formula (A), or a pharmaceutically acceptable salt thereof, 
for use in therapy. 

22. Use of a compound of formula (A), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for the treatment of a disorder 
mediated by aberrant tyrosine kinase activity. 

23. Use of a compound of formula (A), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for the treatment of malignant 
tumours. 

24. Use of a compound of formula (A), or a phamiaceutically acceptable satt 
thereof, in the manufacture of a medicament for the treatment of atherosclerosis, 
restenosis or thromtx)sis. 

25 A method of treatment of a human or animal subject suffering from a 
disorder mediated by aberrant tyrosine kinase activity vi/hich comprises 
administering to the human or animal subject an effective amount of a compound 
of formula (A) or a pharmaceutically acceptable salt thereof. 
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24-07-96 




NO-A- 


963094 


24-07-96 




PL-A- 


315632 


25-11-96 




PL-A- 


315633 


25-11-96 




WO-A- 


9519970 


27-07-95 




ZA-A- 


9500441 


10-10-95 




, ZArAr 


9500440 


10-10-95 



EP-A-414386 27-02-91 



US-A- 


5034393 


23-07-91 


AU-B- 


634562 


25-02-93 


AU-A- 


5982690 


31-01-91 


CA-A- 


2021925 


28-01-91 


JP-A- 


3066689 


22-03-91 


US-A- 


5350749 


27-09-94 



DE-A-43Q8014 15-09-94 



AU-A- 


6258394 


11-10-94 


CA-A- 


2158160 


29-09-94 


CN-A- 


1119436 


27-03-96 


WO-A- 


9421613 


29-09-94 


EP-A- 


0701552 


20-03-96 


JP-T- 


8507539 


13-08-96 


PL-A- 


306092 


06-03-95 


ZA-A- 


9401715 


13^10-94 



W0-A-94e4526 03-03-94 US-A- 5326766 05-07-94 

AU-A- 4994693 15-03-94 
CN-A- 1083810 16-03-94 



Fan PCT;1SA/»0 (p««i «Mly mmi) (Jidy IW) 



(oidsn) )jUDjg Q6Dd Sim 



